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INTRODUCTORY 


i| The Verification Test—The Search for Characteristics Which Differentiate 
Specific From Nonspecific Serologic Reactions—Studies in progress in 
this laboratory aimed at the detection of differential characteristics of true and 
false positive serologic reactions have thus far led to two observations which have 
afforded a basis tor several practical procedures. The observations are that, 
within certain limits, (1) specific serologic reactions tend to become stronger and 
nonspecific reactions weaker as the reacting temperature is increased; and (2) 
specific serologie reactions tend to become stronger and nonspecifie reactions 
weaker as the salt concentration of the reacting system is increased. The prac- 
tical procedures are (1) differential temperature technique, (2) triple quantita- 
tive technique, and (3) salt dispersibility technique. 

2. Occurrence of Biologic False Positives——The nature of biologic false 
positive reactions is still obscure. It is believed that the following two factors 
larecly determine the occurrence of these reactions with serodiagnostic tests: (1) 
a tendeney to give such reactions on the part of certain individuals, and this 
tendeney may be constitutional in nature; and (2) some pathologie disturbance 
(fever, cancer, ete.) or biologic imbalance (pregnancy, vaccination, ete.) serving 
as the immediate cause of such reactions, although the reactions are encountered 
also in individuals apparently free from pathologie disturbance or biologie im- 


‘From the Clinical Laboratories, University of Michigan Hospital. Aided by a grant 
from the United States Public Health Service. 

This article is not a review on false positives and their detection. The article considers 
only the present status of the verification test. The experimental studies upon which this 
article is based were carried on in this laboratory in association with Elizabeth B. McDermot:, 
Jacob Adler, Stanley Marcus and other members of the staff, and will be published elsewhere. 


d 
: 
= 
INO. 
| 


1176 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


balance. The occurrence of positive reactions in the absence of syphilis is unique 
in that many individuals who show no tendency to give these reactions with 
serodiagnostic tests begin to give them with the increase in the sensitivity of the 
tests, indicating that seronegative persons possess latent potentialities for mani- 
festing such reactions. 

3. Relation Between Biologic False Positives and Serologic Reactions Given 
by Lower Animals.—Studies carried out in this laboratory indicate that false 
positive reactions given by human beings and the positive serologie reactions 
given by pigs, horses, rabbits, and other animals possess similar characteristics. 
Thus, these two types of reactions are most marked (1) when the tests are per- 
formed at cold temperature (1° C.), and (2) when the salt concentration of the 
reacting system is reduced to a minimum. These findings suggest that a close 
relationship exists between human and animal reactions of nonsyphilitic origin 
given by serodiagnostice tests. In this laboratory, indeed, animal sera are com- 
monly used for studies of false positive reactions. 

4. Basis of Biologic False Positives.—Tissue extract antigens of excessive 
sensitivity can be prepared which will give about 40 per cent of positive serologic 
reactions in nonsyphilitie persons. If the serologic tests with excessively sensitive 
antigens are performed at cold temperature, the nonspecific sensitivity can be 
raised to about 80 per cent. If the tests with excessively sensitive antigens are 
performed at cold temperature with unheated sera (instead of with sera heated 
for 30 minutes at 56° C.), the nonspecific sensitivity reaches abeut 98 per cent. 
Certain lower animals (horses, pigs, chickens) also give 100 per cent of positive 
reactions when the tests are performed under the same conditions. These find- 
ings suggest that there exists a ‘‘universal’’ serologic (nonsyphilitic) reaction, 
given by human beings and certain lower animals, which is best manifested under 
conditions of low temperature. It was shown before that the biologie false posi- 
tive reaction given by serodiagnostie tests is similarly best manifested under 
conditions of low temperature. Hence, it would seem reasonable to assume that 
the two reactions are related to one another and that the universal reaction may 
be the basis of biologie false positives. 

5. Biologic False Positives in the Presence of Syphilis.—Biologie false posi- 
tives may be given by persons with syphilis. Thus, a certain person has a tend- 
ency to give false positives, let us say, when he contracts a cold. In due time, he 
becomes infected with syphilis and he begins to give specific reactions. Then, 
when he contracts a cold, he is likely to give at the same time both specific and 
nonspecific reactions. Should he become specifically seronegative following 
therapy, he will give only the nonspecific reaction when from time to time he 
has a cold. Also, certain neurosyphilitic patients treated with malaria 
give specific serologic reactions before malarial therapy, both specifie and \on- 
specific reactions soon after the therapy, and in due time only specific serologic 
reactions again. 

6. Technical and Biologic False Positives. 
classified as either technical or biologic, but it is not always possible to draw a 
line of demarcation between them. A false positive given by a supersens'tive 
test, for example, may be interpreted by some as technical. because the antigen 
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in this test shows a tendeney to give, let us say, 5 per cent of false positive re- 
actions. But the fact that 5 particular persons in 100 gave these reactions would 
indicate that the sera in these persons differed biologically (biochemically or 
physiochemically) from the sera in the remaining 95 persons, thereby rendering 
these reactions biologie false positives. Experience indicates that any  sero- 
diagnostic reaction suspected of being a false positive, whether biologie or tech- 
nical, may be investigated with the verification test. 

7. Verification Results and Clinical Findings.—The dependability of labora- 
tory results in a given infection is generally determined by the extent to which 
these results are corroborated by clinical findings of that infection. Unfortu- 
nately, verification reports of false positives cannot be corroborated by a defi- 
nite clinical indicator. Negative clinical findings of syphilis represent the 
clinical indicator of false positives, and negative findings cannot have the same 
value as positive findings. Yet, in the diagnosis of false positives, the estab- 
lishment of negative clinical findings of syphilis is obviously of first impor- 
tance. When such findings corroborate verification results of false positives, 
the significance of these results immediately becomes fortified, just as the 
significance of positive Widal reactions becomes fortified by clinical findings 
of typhoid fever. The verification test, like other laboratory methods of an 
immunologic nature, does not lend itself to mass testing. Even with sero- 
diagnostic tests having a record of use for over a generation, mass testing is 
acceptedly wrought with difficulties. Briefly, in the application of the verifi- 
cation test to the detection of a false positive reaction in a given case, it is 
assumed that thorough search for clinical evidence of syphilis had led to nega- 
tive findings and that the examining physician had concluded that the patient 
was most likely free from syphilis. A verification report of a false positive 
reaction in a case such as this may thus be said to be corroborated by clinical 


findings. 


THE OF SERODIAGNOSTIC REACTIONS 


8. Reporting Verification Results to Physicians—The function of the veri- 
fication test is to type positive serodiagnostie reactions on the basis of their 
specificity. Hence, the results of the verification test are reported not as positive 
or negative, but only in respect to the specificity of the serodiagnostie reactions. 
To illustrate: (1) A physician receives a report of a positive serodiagnostic 
reaction ina given case. (2) He believes this reaction to be a false positive and 
requests a verification test. (3) The verification test determines whether the 
serodiagnostie reaction shows characteristics of a luetie type or of a nonluetie 
type of reaction or perhaps of both types. 

9. Types of Serodiagnostic Reactions Encountered With Verification Test.— 
(1) “‘General biologic (nonluetic) type’’* is the designation employed when, 
according to the verification test, a serodiagnostie reaction shows characteristics 
of a false positive. (2) ‘*Type of reaction similar to that cbtained in lues’’ is 
the designation employed when, according to the verification test, a serodiagnostic¢ 


This designation, it is believed, is more desirable than the purely negative designation 
of “filse positive,” since in addition to indicating absence of syphilis it indicates the presence 
of a reaction which in many instances accompanies a pathologic disturbance or biologic im- 
balance. The term “general biologic” is being employed because of the biologically widespread 
Natur of this reaction, especially among lower animals. The term we believe is also prefer- 
able 14 ‘biologic’ in designating false positives, since syphilitic reactions or ‘‘true positives’’ 
are also biologic reactions. 

The terms “lues” and “luetie’ are employed instead of syphilis and syphilitic because the 
latter terms are too obvious to the laity. 
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reaction shows characteristics of a syphilitic reaction. (3) ‘‘Negative type’’ is 
the designation employed when the results of the verification test are negative. 
(4) ‘*Inconelusive’’ is the term used when the verification results are atypieal. 
(5) Oceasionally, a positive serodiagnostic reaction embodies, according to the 
verification test, both the syphilitic and nonsyphilitie types of reactions. 

10. Procedures of the Verification Test—(1) The triple quantitative teeh- 
nique, described later, is employed in typing strongly positive (+++ +) sero- 
diagnostic reactions on the basis of their specificity. Three types of reactions 
are generally encountered: the luetie type, the general biologie type, or a com- 
bination of both types. (2) The differential temperature technique, also de- 
scribed later, is employed in the typing of moderately and weakly positive (+4. , 

*, + and +) serodiagnostic reactions. Here also three tvpes of reactions are 
generally encountered: the luetie type, the general biologic type, and a eombina- 
tion of both types. (38) The salt dispersibility technique, due to its simplicity, 
is employed with all sera. (4) The standard Kahn test and a modified Kahn 
procedure (Method B) are also employed in performing verification tests. 


THE VERIFICATION TEST IN KNOWN CASES OF SYPHILIS 


11. The Verification Test in the Various Stages of Syphilis—The vast 
majority of syphilitic cases give the luetic type of reaction with the verification 
test; a relatively small number give both the luetie type and the general biologic 
type. In a small percentage of cases of early syphilis, only the general biologic 
type of reaction may be encountered. In repeated examinations, as the serologic 
reaction becomes stronger in this stage of syphilis, the luetie type of reaction 
is obtained. This temporary occurrence of the general biologie type of reaction 
in early syphilis. must be kept in mind when this type of reaction is reported in a 
case in which there is the slightest possibility of the presence of early syphilis. 
Repeated verification tests at intervals of a week or more are necessary. These 
tests will indicate the trend of the serodiagnostic results and will determine 
whether the general biologic type of reaction persists. In the various stages 
of syphilis other than early syphilis the luetie type of reaction is generally ob- 
tained. 

12. The Verification Test in Treated Cases of Syphilis ——The common re- 
action obtained is of the luetic type. Occasionally, the general biologie type 
is obtained. Preliminary studies of verification reactions in treated cases have 
led to several observations which promise to prove of clinical value. Thus: 
(1) The general biologic type of reaction is occasionally encountered following 
treatment, in addition to the luetie type, in persons who presumably show a 
tendency to give the former type of reaction under conditions of pathologic 
disturbance. It is believed that the toxie effect of the antisyphilitic treatment 
may result in sufficient pathologic disturbance as to be the immediate caiise 
of the general biologic type of reaction. If so, it is reasonable to assume tliat 
a higher degree of toxicity will call forth this type of reaction to a greaier 
extent than a lower degree of toxicity. The verification test may thus indicate 
variations in toxicity of different methods of therapy. (2) The verification 
test in certain seropositive treated cases is capable of indicating in advaice 
that they will in due time become seronegative, This finding is based on ‘he 
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observation that the formed precipitates in verification reactions show a change 
in stability as these cases begin to approach seronegativity. The precipitates, 
at first stable and indispersible, become unstable and dispersible. The tendency 


toward dispersibility may become manifested weeks or months before sero- 
negativity is reached. This capability of the verification test to indicate sero- 
negativity in advance may be of value in the study of the efficacy of various 
methods of therapy. (3) The verification test in certain serologically fast 
cases following adequate therapy may establish that the reactions are not of 
the luetie type but of the general biologie type. 


THE VERIFICATION TEST IN SERONEGATIVE CASES 


13. The General Biologic Type of Reaction in Seronegative Cases.—Some 
persons who are clinically free from syphilis and who give negative serodiagnostie 
reactions, nevertheless give the general biologie type of reaction with the 
verification test. Indications are that these persons are ‘‘carriers’’ of false 
positives. They may be seronegative with one test but seropositive with another. 
Or they may be seronegative today and seropositive a week later. Then again, 
some nonsyphilitic persons, negative with serodiagnostie tests, are positive with 
supersensitive tests. Verification studies of persons giving negative sero- 
diagnostic reactions reveal three main groups: (1) those giving the negative 
type of reaction, (2) those giving the general biologie type, and (3) a very small 
group of treated cases of syphilis giving the luetie type of reaction. 


THE VERIFICATION TEST IN CASES IN WHICH FALSE POSITIVES ARE SUSPECTED 


14. Routine Applicability of Verification Test to Cases in Which False Posi- 
tives Are Suspected.—Experience gained with the verification test during the 
past several years indicates that the greatest value of the test lies in the investiga- 
tion of the specificity of positive serodiagnostie (precipitation or complement 
fixation) reactions in such eases in which all clinical indications point to the 
absence of syphilis. When the verification test is applied to such eases, the 
general biologic type of reaction may be said to corroborate clinical findings, 
while the luetie type of reaction may be said not to corroborate clinical findings. 
It is with this view in mind that the interpretation of these two types of reactions 
is considered. 


15. Interpreting the General Biologic Type of Reaction—A single report of 
a general biologie (nonluetic) type of reaction can be interpreted as a false posi- 
tive with reasonable safety, provided the donor gives a history of fluctuating or 
weak serodiagnostic reactions extending for some weeks or months; in the face 
of strongly positive serodiagnostie reactions, repeated verification studies are 
indicated to make sure that the results are persistently of the general biologic 
type. A general biologie type of reaction in the absence of a serologic history 
(ie. when a person gives a positive serodiagnostie reaction presumably for the 
first (ime) should be checked preferably in a week or two before establishing 
a diavnosis of a false positive. 

16. Interpreting the Luetic Type of Reaction —A luetic type of reaction 
obtained in a case in which clinical indications point to a false positive requires 
additional elinical studies and repeated verification tests. In our experience, these 
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clinical and verification studies have led to the establishment of syphilis in most 
instances. In a few instances clinicians have expressed the belief that they were 
dealing with false positives in spite of persistent verification reports of the luetic 
type of reaction. A transient luetie type of reaction has been observed in an 
isolated nonsyphilitie case of postinfection or postvaccination, the reaction be- 
coming of the general biologie type in the course of some weeks. Weakly posi- 
tive serodiagnostic reactions, which according to the verification test are of the 
luetic type, are especially difficult to interpret. Repeated examinations at pro- 
longed intervals are often necessary before a final diagnosis can be established. 


PROCEDURES 


1. Triple Quantitative Technique 


Applicability —This technique is applicable to sera which give strongly 
positive (+++-+) serodiagnostice (complement fixation or precipitation) reactions 


suspected of being false positives. 

Technique.—The technique involves the use of three quantitative Kahn pro- 
cedures: in the first, the serial dilutions of serum are made with distilled water; 
in the second, the serial dilutions are made with 0.9 per cent sodium chloride solu- 
tion, and in the third, the serial dilutions are made with 2.5 per cent sodium 
chloride solution. Dilution ratios of 1:5, 1:10, 1:20, 1:30, 1:40, and 1:50 are 
generally ample. Standard Kahn antigen suspension (prepared with 0.9 per 
cent salt solution) is used in 0.025 ¢.e. amounts, and each of the serial dilutions 
of serum in 0.15 ¢.c. amounts. After permitting the serum-antigen mixtures to 
stand for three to five minutes, the tubes are shaken for three minutes in the 
usual manner. Distilled water or salt solution of the concentration correspond- 
ing to that used in the serial dilutions of serum is then added to the tubes in 
0.5 ec. amounts; after agitating the tubes for about ten seconds to mix the in- 
gredients, the precipitation results are read. 

Results —Known syphilitic sera generally give a higher quantitative titer 
with the serial dilutions of serum with 2.5 per cent salt solution than with 0.9 per 
cent salt solution (luetie type of reaction). Known nonsyphilitie sera generally 
give a higher quantitative titer with the serial dilutions of serum with 0.9 per 
cent salt solution than with 2.5 per cent salt solution (general biologie type of 
reaction ). 

The quantitative titer with the serial dilutions of serum with water throws 
additional light on the type of the reaction in question. Thus, this titer in a 
luetic type of reaction is lower, and in a general biologic type of reaction is 
higher, than the titer with 0.9 per cent salt solution, unless both the luetic and 
general biologic types of reactions are present. Then, the titer with the scrial 
dilutions of serum with 0.9 per cent salt solution is lower than either with 
water and with 2.5 per cent salt solution. Table I presents typical reactions 
given by the triple quantitative technique. 

Note.—Sera ot low quantitative titer are also examined in this laboratory 
with the differential temperature technique. The sera are first diluted wit!) an 
equal amount of 0.9 per cent salt solution or with half the amount (depending 
on the quantitative titer given by the serum) before employing the differential 
temperature technique. 
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2. Differential Temperature Technique 

Applicability —This technique is applicable to sera giving moderately and 
weakly positive (+++, ++, + and +) serodiagnostie (complement fixation or pre- 
cipitation) reactions, suspected of being false positives. 

Technique.—(1) Kahn racks with test tubes are placed in a 37° C. water 
bath for fifteen minutes before performing the tests. The pipettes necessary in 
performing the test are kept at 37° C.* (2) The serum is heated for thirty 
minutes at 56° C. and is then placed in the 87° C. water bath for fifteen minutes 
before using. (3) Standard Kahn antigen is mixed with salt solution at room 
temperature in the usual manner according to the titer, and the antigen suspen- 
sion is immediately transferred to a Kahn tube and placed in the water bath for 


TABLE I 


ILLUSTRATIVE RESULTS OF TRIPLE QUANTITATIVE TECHNIQUE 


"SERIAL PERCENTAGE OF SODIUM CHLORIDE SOLUTION EMPOLYED 


DILUTIONS IN PREPARING THE SERIAL DILUTIONS OF SERUM 
OF SERUM Q* 0.9 25 


Luetic type of reaction 


General biologie (nonluetic ) 
type of reaction 


4+ 4 +4 


Luetie and general biologic (nonluetic ) 
types of reactions 


1: 


* Distilled water. The same antigen suspension (prepared according to titer with 0.9 
per cent salt solution) is employed with each of the serum dilutions. 


fifteen minutes. (4) The amounts of antigen suspension (0.05, 0.025, and 0.0125 
¢¢.) are then deposited at the bottom ef the Kahn tubes, followed by the serum 
(in .15 ee, quantities), and the mixtures shaken for ten seconds without re- 
moving the rack from the water bath. The rack remains in the bath for ten 
minutes and is then shaken for three minutes at room temperature. (5) Physio- 
logic salt solution kept in a 37° C. water bath is then added to each tube in the 
usual amount (1, 0.5, and 0.5 ¢.c.); the tubes are agitated sufficiently to assure 
proper mixing and the results are read immediately. (6) A microscope mirror 
ora slit lamp is used in the reading of results. 


Sie, pecially constructed water baths for this technique are supplied by A. S. Aloe Co., St. 


q 
1:5 
1:20 - ++ ++++ 
1:30 - = ++++ 
1:40 - - ++4+4 
1:50 - - 
1:60 - - 
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1:20 - ++++ 
j50 - - 
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The technique at 1° C. requires a refrigerated bath at 1° C., and if not avail- 
able, an ice water bath with chopped ice. The steps in the technique as carried 
out in the 37° C. water bath are applied to the technique in the 1° C. water bath. 
The temperature of the serum and antigen suspension is brought to 1° C., and the 
serum is added to the antigen suspension and mixed at this temperature. Tests 
performed at 1° C. require special care in reading the results due to the film of 
moisture condensed on the outside of the tubes. This film disappears by dipping 
the tubes in a solution of cold aleohol. Not more than ten tests should be earried 
out at any one time, either at warm or cold temperatures. 

Results —Syphilitie sera generally give more marked precipitation at 37° C, 
than at 1° C. (luetie type of reaction), while nonsyphilitic sera generally give 
more marked precipitation at 1° C. than at 37° C. (general biologie type of 
reaction). Typical illustrations of these types of reactions are presented in 
Table II. It is noted that similar precipitation results at all temperatures are 
considered as inconclusive. 

TABLE II 
ILLUSTRATIVE RESULTS OF DIFFERENTIAL TEMPERATURE TECHNIQUE 


REACTING TEMPERATURE 


] 2 : 2 3 
Luetic type of reaction 
++++ ++4 
General biologic (nonluetic ) 
type of reaction 


» 


TUBE TUBE TUBE TUBE TUBE | TUBE TUBE 
) 
| 


Inconclusive reaction 


TABLE III 
ILLUSTRATIVE RESULTS OF SALT DISPERSIBILITY TECHNIQUE 


FIRST READING OF RESULTS OF STANDARD KAHN TEST IN WHICH REACTION IS MODERATELY POSITIVE 


Tube 1 Tube 2 Tube 3 
+ + - + + 
Addition of 30% NaCl solution e.c. 
0.15 0.1 0.1 
Shake rack 15 seconds and place for 5 minutes in water bath at 57° C 


Luetic type of reaction—precipitates General biologie (nonluetic) type of 
are not dispersible. reaction—precipitates are dispersible. 
Tube 1 Tube 2 Tube 3 Tube 1 Tube 2 Tube 3 

+++4 - - 


3. Salt Dispersibility Technique 
Technique 1.—When applied to weakly positive sera suspected of giving 
false positive (precipitation or complement fixation) reactions. 
Procedure: A 30 per cent solution of sodium chloride of ‘‘reagent’’ quality 
is employed in this technique. The standard Kahn test is performed ani the 
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results read in the usual way after the addition of 0.9 per cent salt solution 
to each tube. Immediately, 0.15 ¢.¢., 0.1 ¢¢., and 0.1 ¢.. of the 30 per cent 
salt solution are added, respectively, to the three tubes; the rack is then shaken 
by hand for fifteen seconds, placed in the 37° C. water bath for five minutes, 
again shaken for fifteen seconds, and the results read. 

Results—In the case of syphilitic sera, the precipitates are generally either 
the same as before the addition of the concentrated salt solution or they are 
more pronounced. In the case of nonsyphilitie sera, the precipitates become 
dispersed and the results appear negative. Table II] presents typical reactions 
given by the salt dispersibility technique. 

Technique 2.—When applied to all sera suspected of giving false positives 
and to the several verification techniques. 

Procedure: Due to the simplicity of the dispersibility technique, it is being 
applied in this laboratory to the triple quantitative and differential temperature 
techniques in addition to its application to the standard Kahn technique. Thus, 
after reading the results of the triple quantitative technique, 0.1 ¢.c. of 30 per 
cent salt solution is added to each tube showing a precipitate, shaken fifteen 
seconds, incubated at 37° C. for five minutes, again shaken for fifteen seconds, 
and the final results read. Similarly, after reading the results of the differential 
temperature technique, 0.15 ¢.¢., 0.1 ¢e¢., and 0.1 ¢e¢. of the 30 per cent salt 
solution are added, respectively, to each set of the three tubes showing pre- 
cipitates and the test is completed as in Table III. 

Results—As a general rule, precipitates in nonsyphilitie reactions become 
dispersed on the addition of the 80 per cent salt solution, while precipitates in 
syphilitic reactions do not become dispersed. In early syphilis and in highly 
treated cases of this disease, dispersibility of the precipitates may be noted. But 
in the absence of clinical indications of syphilis, the dispersibility of precipitates 
indicates false positive reactions. 

Discussion of results-—(1) Dispersibility technique applied to four plus 
Kahn reactions. <A definite relationship exists between the strength of non- 
specific serologic reactions and the concentration of salt solution required for the 
dispersion of precipitates. Since different four plus reactions may be of different 
quantitative titers, the precipitates in such reactions may require different salt 
concentrations for their dispersion. In the ease of nonsyphilitic sera of high 
titer, precipitates which are not dispersed in the standard Kahn test by the 
usual dispersibility technique will often disperse by a second addition of 0.15 
ee, O.1 ee, and 0.1 ¢.c. of 80 per cent salt solution to the tubes. In some in- 
stances even this second amount of concentrated salt solution will not disperse 
the precipitates of the strongly positive reactions. Hence, nondispersibility of 
the precipitate in a strongly positive reaction cannot by itself be interpreted as 
a syphilitie type of reaction. The dispersibility of the precipitate is a common 
property of weak nonsyphilitie reactions and is occasionally noted also in non- 
syphilitic reactions of high titer. 

(2) Dispersibility technique applied to the triple quantitative procedure. 
Generally precipitates in syphilitic sera do not disperse on the addition of 30 
per cenit salt solution. Now and then a serum is encountered which gives a higher 
quantiiative titer in the serum dilutions with 2.5 per cent salt solution than in 
the serum dilutions with 0.9 per cent solution (suggesting a luetic type of reaec- 
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tion), but which shows dispersible precipitates in ail tubes on the addition of the 
30 per cent salt solution. It is believed that such dispersibility is strongly sug- 
gestive of a false positive reaction. In instances in which only the precipitates 
in the highest serum dilutions show dispersibility while the precipitates in the 
low serum dilutions do not show dispersibility, the reactions are generally of 
the syphilitic type, noted particularly in treated cases. 

(3) Dispersibility technique applied to the differential temperature proce- 
dure. Dispersibility of precipitates in reactions obtained at 37° and 1° C, is 
the common picture presented by false positives. In syphilitic cases, the 
precipitates are generally not dispersed in reactions obtained at 37° C. but are 
dispersed in reactions obtained at 1° C., although they may not be dispersed also 
in the latter reactions. 

i. Method B 

Method B consists of performing the standard Kahn test as usual with the 
exception that, after the three-minute shaking period, sodium chloride solution 
of 2.5 per cent concentration instead of 0.9 per cent is added to the tubes in the 
regular amounts of 1.0, 0.5, and 0.5 ©.¢., respectively. When this method is 
applied to doubtful serodiagnostic reactions, it is frequently observed that in 
nonluetic cases the results are weaker than those given by the standard Kahn 
test, while in luetic cases the results are the same or stronger. 

5. Combined Use of the Several Verification Techniques in Practice 

When a blood specimen reaches this laboratory for a verification test, the 
serum is separated from the clot in the usual way, checked for clarity, heated 
for thirty minutes at 56° C., rechecked for clarity, and within about ten minutes 
after the heating period, the following preliminary tests are performed: 

1. The standard Kahn test. 

2. Method B, which consists of the standard Kahn test, in which the 
diluent added to the tubes after the three-minute shaking period (1.0, 0.5 and 
0.5 ¢.c.) consists of 2.5 per cent salt solution instead of 0.9 per cent. 

3. Salt dispersibility technique. The results of the above two tests are read 
and recorded, and without waiting fifteen minutes for rereading, 0.15 ¢.c¢., 0.1 ©.¢., 
and 0.1 ¢.c. of 30 per cent sodium chloride solution are added respectively to the 
three tubes of each test, shaken fifteen seconds, placed for five minutes in a 
37° C. water bath and for two to three minutes at room temperature, shaken 
again for about fifteen seconds and the results read and recorded. 

The results of the above three tests are taken into consideration before pro- 
ceeding with the additional techniques. 

In the case of weakly positive reactions: If Method B gives weaker results 
than the standard Kahn test, it is indicative of a false positive reaction; and in 
such a case, the salt dispersibility technique will lead to dispersion of the pre- 
cipitates and to negative results. The differential temperature technique is ‘hen 
performed for confirmation and is likely to give a nonluetic type of reaction. If 
Method B gives results which are the same or stronger than those of the standard 
test, the precipitates are generally not dispersible and the differential tem) era- 
ture technique is likely to give a luetic type of reaction. The application o! the 
dispersibility technique to completed differential temperature reactions commonly 
gives additional confirmation of either the luetic or nonluetic types, as the case 
may be. 
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IN SEROLOGY 


In the case of strongly positive reactions: The results of the standard Kahn 
test and of Method B are equally four plus and the precipitates may or may not 
be dispersed by the concentrated salt. The triple quantitative technique is then 
performed, the results read, and the salt dispersibility technique applied to the 
completed reactions. Typically nonsyphilitie patterns with the triple quantita- 
tive technique are generally confirmed by complete dispersion of the precipitates. 
Inconclusive patterns with the triple quantitative technique which show dis- 
persibility of the precipitates indicate nonsyphilitie type of reactions. Rarely 
one encounters a syphilitic pattern in which the precipitates become dispersed. 
It is believed that in such instances (in the absenee of clinical evidence of 
syphilis) the reaction is in all probability of the nonluetie type. 

In the case of negative reactions: The differential temperature technique 
is employed to determine if a reaction is obtained at 1° C., generally given by 
“carriers’’ of false positives, or at 37° C., occasionally obtained in highly treated 
cases of syphilis.* 


AN EXPLANATORY STATEMENT TO PHYSICIANS ON VERIFICATION REPORTS 
In this laboratory, the following statement on interpretation is submitted 
to physicians with each verification report : 


The verification test is a supplementary procedure to serodiagnostic tests; its funetion 
is to ‘*type’’ positive serologic (precipitation or complement fixation) reactions on the basis 
of their specificity; in practice, the test is applicable to cases in which physicians suspect 
false positive reactions with complete lack of clinical indications of syphilis. 

1. ‘*Type of reaction similar to that obtained in lues’’ is reported when, according to the 
verification test, the positive serodiagnostie reaction shows characteristics of a specific reaction. 
This type of reaction is commonly noted in known cases of syphilis. 

2. ‘*General biologic (nonluetic) type of reaction’’ is reported when, according to the 
verification test, the positive serodiagnostic reaction shows characteristics of a false positive. 
This type of reaction is commonly noted in nonsyphilitie cases. 

(1) General biologic (nonluetic) type of reaction in seronegative cases. Cer- 

tain nonluetic persons, although giving negative reactions with serodiagnostic tests, 

may give the general biologic type of reaction with the verification test. These per- 

sons are looked upon as potential ‘‘carriers’’ of false positive reactions, giving 

such reactions off and on with serodiagnostic tests and more frequently with super- 

sensitive tests. 

(2) General biologic (nonluetic) type of reaction in treated cases of syphilis. 

Persons who have a tendency to give false positive reactions may exhibit the same 

tendency after they contract syphilis, and the verification test will then demonstrate 

the presence of both the luetic and general biologic types of reactions. Following 

therapy, as these persons are approaching seronegativity, they may give the general 

biologie type only. 

3. ‘* Negative type’’ is reported when the results of the verification test are negative. 
This type of reaction usually accompanies negative serodiagnostie reactions, 

Inconclusive’’ 

Exceptions: 


’ 
is reported when the verification results are atypical. 


(1) In isolated instances, physicians have claimed nonspecificity for a given 
positive serodiagnostic reaction in spite of persistent verification findings of the 
luetie type. 

(2) Transient reactions of the luetic type have been observed in a small per- 
centage of seropositive (nonluetic) cases following infection or immunization. 

(3) Transient reactions of the general biologic type have been observed in 
» small percentage of known cases of early syphilis. 


dat *Studies of the verification test with supersensitive antigens will be reported at a later 
e, 
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Interval retesting. Whenever verification results do not conform to clinical opinion or 
whenever there is a question of the diagnosis of early syphilis, it is of importance to re- 
peat the verification test at intervals of weeks instead of days. Interval retesting will estab 
lish the serologic trend in questionable cases with far greater dependability than immediate 
retesting. 


SUMMARY 


Nonspecifie and specific serologic reactions show similar characteristics with 
modern serodiagnostic (precipitation and complement fixation) tests for syphilis; 
hence, these tests do not offer a practical means for the detection of false positives 
in routine serologic practice. Studies earried out in this laboratory on dif- 
ferential characteristics of nonspeecifie and specific serologic reactions led to 
the observation that these reactions have different temperature and electrolyte 
requirements for optimal reactivity. This observation, in turn, led to the de- 
velopment of several procedures capable of determining whether certain sero- 


diagnostic reactions possess characteristics of specifie or nonspecific reactions, or 
of both types of reactions. These procedures (termed verification test) ‘‘type” 
serodiagnostic reactions on the basis of their specificity and are of practical value, 
especially when applied to the typing of seropositive cases that are free from 
clinical indications of syphilis. When applying the verification test to such cases, 
nonluetic type of reactions may be looked upon as being corroborated by clinical 
opinion, and the diagnosis of ** false positive’? ean then be made with reasonable 


certainty. 
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CLINICAL AND EXPERIMENTAL 


THE PRODUCTION OF CHRONIC HYPERTENSION IN DOGS 
BY PROGRESSIVE LIGATION OF ARTERIES 
SUPPLYING THE HEAD* 

Sc.D., M.D., Frank E. Dutra, M.S., M.D., AND 
Epwin T. MacCamy, M.S., M.D., Cuicaco, IL. 


HE puzzle of the etiologic relationships of high blood pressure has provided 

the impetus for quite varied and extensive research. The trend of this 
work has changed through the years, but there have been two conditions under 
investigation quite constantly ; namely, arteriosclerosis and kidney disease. 

While arteriosclerosis is commonly found with chronie hypertension, it is 
not invariably demonstrable. Furthermore, there may be quite extensive 
sclerosis, especially of the large vessels, without elevation of the blood pres- 
sure. Sclerosis of arterioles has been stated to be quite generally present in 
chronie hypertension. Gull and Sutton! believed this to be the essential patho- 
logic change, alterations of kidneys or other structures being considered as 
secondary to it. Several studies on the distribution of arteriosclerosis have 
been made on autopsy material with varied interpretations of the significance 
of the findings. * 4 

Clinical investigation has been carried out by sections of specimens from 
the skeletal muscles,° from the standpoint of correlating sclerosis of arterioles 
with hypertension. Study of the retinal vessels is easily carried out, and often 
the changes found are not only diagnostic of hypertension but may indicate 
definitely the type of hypertension.® Such changes may be found to indicate a 
former hypertension even though the pressure at the time of examination is 
found to be lowered.’ 

Pathologists have long noted, at autopsies of individuals with hyperten- 
sion that gross evidence of arteriosclerosis often is marked in one organ and 
absent or only slight in other organs. Sclerosis of the aorta or its large 
branches is not necessarily associated with organ changes. The three impor- 
tant structures involved frequently are the kidneys, brain, and heart. In 
explanation of this association it was usually said that these were ‘‘vital’’ 
organs and that arteriosclerosis in any such organ was accompanied by in- 
creased blood pressure, in order to drive sufficient blood through it to main- 
tain life. 

This simple mechanistic explanation is disputed by the work of Page® and 
his co-workers, who interpret their results as indicating the formation of the 
specific substance ‘‘renin’’ by a damaged kidney, the renin then being changed 
by a blood activator into the effective antiotonin, which inereases blood pres- 
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sure. As a result of his extensive and important work on hypertension, Gold- 
blatt,? also, believes that the initiating principle derives from the kidneys 
exclusively. 

Only one short note'® has been found concerning the production of chronic 
hypertension by operative reduction of blood flow to the brain. Observations 
of the acute rise of blood pressure with sudden decrease of the cerebral blood 
supply'' have long been on record. The injection of kaolin into the cisterna 
magna has been found to result in-hypertension.'* This is believed to be as- 
sociated with a communicating type of hydrocephalus, with impaired drainage 
of the cerebrospinal fluid through the perineural and perivascular lymphatics, 
although in rats the fluid content of the brain tissue was not increased.’* 


Mig. 1. 


We have been interested, over a period of four years, in the effect on the 
blood pressure of a series of arterial ligations in dogs planned to lessen the 
blood supply of the brain. The ligations were done in stages, the sequence of 
operations being changed from time to time. The total series ineluded the 
ligation of both common earotids in the region of the sixth cervical vertelra, 
and their dissection upward including the dissection, ligation, and excision of 
all branches as far out as possible from the bifurcation. Both carotid sinuses 
were completely removed. Also, the vertebral arteries were ligated just distal 
to their points of origin, and in the suboccipital region just before they citer 
the vertebral canal. Afterwards, various exploratory operations were ))¢!- 
formed for the ligation of any anomalous or collateral arteries whieh could 
be found. 
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As might be expected, the mortality in such a long series of operations 
was quite high, but decreased with knowledge of when and how to do the 


ligations. <A total of 47 dogs has been used, with 10 of them successfully ear- 
ried through the series. 


Mey daly May. vac. March Gpril Mey Sant July Aug. SepF Oct. Wev. Dec. Fab. 


Fig. 2.—Dog 1. 
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Fig. 3.—Dog 2. 


!slood pressures were taken by direct puncture of the femoral artery with 
a twenty-gauge needle connected through a three-way valve with a glass 
syrinve and an aneroid manometer (Fig. 1). Five per cent sodium citrate 
Solution was drawn up into the syringe and forced out into the rubber tube, 
8o as to fill the glass bulb about one-third full and raise the manometer pres- 
Sure 0 about the expected blood pressure of the animal. With the stopeock 
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turned so as to allow blood to show in the citrate of the syringe, the needle was 
inserted into the femoral artery and the stopcock then turned to connect the 
needle with the pressure system. The manometer pointer oscillated from four 


to six points on the average, and the midpoint of the oscillations was taken as 
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Fig. 4.—Dog 4. 
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Fig. 5.—Dog 5. 
the mean blood pressure. With a period of training the dogs became acculs- 


tomed to the puncture and would lie quietly while it was carried out. Large 


dogs, usually of the police dog breed, were used. 
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The type of blood pressure response to the ligations, together with the 
time relationships, are shown in the accompanying graphs. Eight of the ten 
animals carried through the operative series showed a definite, and some of 
these a marked, rise of blood pressure. This ranged from controls of 100 to 
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Fig. 6.—Dog 7. 
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Fig. 7.—Dog 8. 
120 min. Hg usually, up to high points somewhat over 190 mm. Hg. The graphs 
illustrate the somewhat irregular curves, with variables up to 20 mm. He. 


Such variations occurred from day to day, often for no accountable reason. 
Two of the ten dogs showed no sustained rise of pressure. 
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Fig. 8.—Dog 9. 
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Fig. 9.—Dog 10. 
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Several workers have reported acute experiments with the production of 
hypertension by section of the aortic depressor nerves" together with 
denervation of the carotid sinuses. Chronicity of this hypertension has been 
reported,'® but others?’ *? have failed to produce chronie hypertension by 
this means; this result is shown in our work also. 


In four of our ten animals we completely removed the sinuses before the 
vertebral arteries were sectioned in the occipital region, so that the cireula- 
tion to the brain was not diminished by their removal. In the graphs of Dogs 
2 and 4 the blood pressure is shown to be uninfluenced by removal of the 
carotid sinuses, whereas hypertension was established later, after the vertebral 
arteries had been occluded in the occipital region. Experiment on Dog 8 was 
started by denervation of both carotid sinuses as a single operation. This 
was done on each side by stripping all nervous and fascial tissue from the 
common carotid and its branches for a distance of two or more em, from the 
bifureation in all directions. No rise of blood pressure occurred within six 
weeks. Over a period of five months the series of ligations was performed on 
this dog, which developed a heightened blood pressure a week after the last 
operation. Experiment on Dog 9 was begun with removal of the right carotid 
sinus, complete denervation of the left one, and ligation of the left cranial 
thyroid artery. No rise of blood pressure occurred within two weeks. Both 
vertebrals were then tied in the occipital region. After two more weeks both 
vertebrals and both common carotids were operated low in the neck, and a 
pronounced blood pressure increase developed. 

We believe that denervation or removal of the carotid sinuses has no sus- 
tained effect on the blood pressure.** 

The rise of blood pressure which occurs after multiple cerebral artery 
ligations appears to be directly associated with the interference with cerebral 
circulation. 

In the dog, cerebral ischemia is difficult to achieve and still more difficult 
to maintain. Andreyev** has studied the development of cerebral collaterals 
formed after interruption of the major arterial supply to the head. By injee- 
tion and x-ray he demonstrated quite strikingly the large number of collaterals 
promptly formed and the arteries involved in their formation. Multiple ex- 
ploratory operations on our dogs revealed that newly formed arteries de- 
veloped with a falling blood pressure curve. We are led to believe that once 
a high blood pressure has been developed by our method, a sustained drop of 
pressure in an otherwise healthy dog indicates the formation of collateral chan- 
tels supplying an adequate amount of blood to the brain. 

The mechanism by which hypertension is produced by arterial-ligation 
ischemia of the brain is not known. Either a nervous mechanism or a humoral 
one may be active. Anrep and Starling*® demonstrated that a nervous mecha- 
lism can initiate hypertension in acute cerebral ischemia. This hypertension 
Was prevented by section of the cord between the vasomotor centers and the 
sympathetic outflow. The humoral factor had been ruled out. 

Page and his co-workers have brought forward evidence to indicate that 
constriction of the renal artery causes the kidney to produce a humoral medi- 
itor of hypertension.’ Similarly, the hypertension produced by cerebral artery 
ligation may result from a hypertensive substance formed in the ischemic 
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brain. To date no work bearing on the presence or identity of such a sub- 


stance has been performed. 


SUMMARY 


Chronie hypertension has been produced in dogs by ligation, in series, of 


the arteries supplying the head. 
Removal or manipulation in situ of the carotid sinuses alone has no pro- 


longed effect on the blood pressure of dogs. 
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THE HUMAN SKIN AS A CONDUCTOR OF 60-CYCLE ALTERNATING 
CURRENT OF HIGH INTENSITY, STUDIED ON 
ELECTROSHOCK’? PATIENTS* 


Hans LOwensacu, M.D., AND Jasper E. Morcax, Pu.D., DurHAM, 


HE human skin as a conductor of alternating currents has been the subject 

of many studies,’ and it was soon shown that it does not act like any ordi- 
nary conductor, either metallic or electrolytic. These studies, however, were 
limited to currents of ten to fifteen milliamperes or less, partly because of the 
pain produced and partly from fear of causing lasting damage. While cur- 
rents of higher intensity have been used on the skin of corpses, these experi- 
ments were unsatisfactory because of the probability that living and dead 
skins behave differently. Some information has come from industrial and 
domestic accidents, but it is far from precise and is frequently vitiated by 
erroneous computations.* 


A method has been recently developed of treating mental patients with 
strong eleetrie shocks applied directly to the head, so as to produce a minor 
or major convulsion.” This has provided an opportunity for extending these 
experiments and making more precise measurements. 


METHODS 


The apparatus used for treatment is very simple, consisting of a mechanical relay to 
make and break the cireuit, the timing of which is controlled by a condenser.4 Round copper 
plates, 5 cm., serve as electrodes and are attached to the head with even pressure, after a 
small amount of electrode jelly (sodium chloride, glycerine, tragacanth, and water) has been 
rubbed into the skin. In some experiments the jelly was omitted. 


In the first series of experi- 
ments the skin resistance of 31 patients was observed during 98 single treatments. Before 
the ‘shock’? current was passed, a potential difference of about 20 microvolts was applied 
through the electrodes, and the resulting current was recorded with an ink-writing oscillograph. 
The impedance, that is, the potential difference divided by the current, was easily determined 
from a calibration chart. 


The impedance-testing circuit was then disconnected, and a voltage varying from 50 to 
120 volts was applied through the same electrodes for intervals of My to %9 of a second. The 
“‘shock’’ current was recorded by another ink-writing oscillograph during the time of current 
flow. The ink-writing oscillographs were adapted from the Grass electroencephalograph by 
using ouly the final power amplifier for each section. 


After the relay had broken the current, twenty microvolis were again applied to the 
electrodes as quickly as a hand-operated switch would allow. The impedance was then recorded 
for various times, sometimes extending over 15 minutes. In a second series of experiments, the 
‘‘shock’’ current was recorded by a Matthews oscillograph capable of following frequencies up 
to 15,000 cycles. 


This was done in order to see whether the form of the current at any time 
deviates from the sine form. 


U *From the Department of Neuropsychiatry and the Department of Physiology, Duke 
niversity School of Medicine, Durham, N. C 
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RESULTS 
In agreement with previous workers who made observations with ballistic 
instruments,’ we find that the current resulting from the application of voltages 
between 50 and 120 is much higher than expected from the impedance orig- 
inally found. Almost immediately after the current is made, the impedance 
falls and remains at a low level during the entire time of current flow. 


335MA(238e) 
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Fig. 1.—Skin resistance to 80 volts A.C. Upper part: Original tracings of skin resistance 
to 20 microvolts before and after “shock’’ and tracing of current during “shock.’’ Lower part: 
resistance curve as derived from these tracings. 


If the initial impedance is 2,000 ohms or less, it drops to a value between 
300 and 120 ohms (Fig. 1). The exact value depends on how many volts are 
given, the lower values occurring after higher voltages. When the current is 
broken, the impedance rises again. Frequently there is an initial sudden rise 
of the impedance of 80 to 150 ohms, but in other cases the rise takes place 
gradually. It then increases slowly over a period of many seconds, and finally 
approaches the original value asymptotically. After lower tensions the pre- 
‘‘shock’’ impedance returns within a shorter interval of time than after higher 
ones. A second shock, given before the impedance has reached the original 
value, produces the same current as the previous one; that is, no further drop 
of the impedance occurs. If all other components are the same, the drop occurs 
almost instantaneously, and during the next 2 to 3 cycles only a slight further 
decrease takes place (Fig. 2b). If, however, the resistance is higher than 2,000 
ohms to begin with, as for example when no electrode jelly is being used. the 
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230. 3-18-41 
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Fig. 2.—Oscillograms (Matthews’ oscillograph) of 100 volts A.C. (a) passing through 250 ohm 
wire-wound resistance; (b, ¢) passing through human skin. 
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Fic. 3.—Voltage/current for 6 patients and for 3 corpses. Corpse 1 had been dead for 
90 hours: corpse 2, for 24 hours; corpse 3, for 3 hours. The drop of the skin resistance when 
higher tensions are applied is larger in the living skin than in the dying skin. The voltage/cur- 
Tent curve of the latter tends to approach a straight line, 
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current increases very gradually, and assuming the same time of current flow, 
it may never reach the same high level as otherwise (lig. 2c). 

No deviation from the sine form was observed in these experiments, and a 
few recordings with a cathode ray oscillograph point in the same direction. 

The living skin then behaves like an electrolytic condenser which breaks 
down when tensions above 50 volts are applied. The impedance of the unin- 
jured dying skin of the corpse is of the same order of magnitude as that of 
living skin for tensions up to 50 volts. If higher tensions are applied, the 
impedance of dying skin does not drop to such low values as are observed 
under living conditions. The longer the time after death, the less the drop, 
until finally the voltage/current curve approaches a straight line (Fig. 3). 


Thus, it seems obvious that the sometimes elaborate attempts to measure 
the resistance of the skin before an electric shock treatment are not necessary. 
With electrode jelly and the electrodes in good contact, the resistance will 
usually be below 2,000 ohms and, during the time of current flow, will be be- 


tween 150 and 250 ohms. 


SUMMARY 


The reactions of the living human skin as a conductor of 60-cyele alternat- 
ing current up to 1,000 milliamperes was studied on 31 mentally ill individuals 
in 98 experiments. When 50-120 volts are given for 0.1-0.4 sec., the impedance 
drops instantaneously to a value between 270 and 120 ohms regardless of the 
original impedance, provided this is kept at or below 2,000 ohms. Under these 
circumstances there is no further change of the impedance during the time of 
current flow. When the current is broken, the impedance—to 20 microvolts— 
rises suddenly 80-150 ohms, depending on the ‘‘shock’’ tension applied; it then 
increases over a period of many seconds, approaching the original value 
The skin of human corpses reacts similarly to that of living 


asymptotically. 
individuals, but the impedance drop is less the longer the interval between the 


time of death and of examination. 
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SOME NEW ASPECTS OF MORPHINE ACTION: INFLUENCE OF 
PROSTIGMINE METHYLSULFATE ON EXCRETION* 


M.D., C. R. Pu.D., AND J. Westey GALES, M.D. 
TEXAS 


[' IS now well known (Gross and Thompson') that the greater part of an in- 


jected dose of morphine sulfate can be recovered from the urine and feces of 
accustomed and nonaccustomed dogs. These authors pointed out, however, that 
a large part of excreted morphine was bound or conjugated and had to be 
hydrolyzed before it could be recovered. 

Further, there is evidence? which indicates that prostigmine methylsulfate 
alters the accustomingt (tolerance-inducing) properties of morphine in dogs. 

Recent work® suggests that prostigmine methylsulfate enhances the analgetic 
effects of morphine in eats. If this is true, the reason for the enhancement may 
lie in the action of prostigmine methylsulfate on the conjugation, destruction, 
and excretion of morphine. 

For these reasons it seemed advisable to determine if the excretion of 
morphine was influenced by prostigmine methylsulfate. We were particularly 
interested in ascertaining whether prostigmine methylsulfate altered morphine 
excretion during withdrawal of morphine, comparatively, in accustomed and 
nonaccustomed animals and to note if the amounts of free or combined morphine 
were materially changed. In order to test such a hypothesis, both accustomed 
and nonaceustomed animals were used. 


TECHNIQUE 


The animals used in this study were all healthy female dogs. They varied 
in weight from 8 to 17.7 ke., but animals of similar weights were paired so that 
the difference in a pair (one accustomed and one nonaccustomed animal) was 
hever greater than 2 ke. Five accustomed and five nonaccustomed animals 
were studied. A routine as outlined by Pierce and Plant* was followed in main- 
taining the dogs on a constant water and ealorie intake. During a 6- to 7-day 
contro! period and during a 6 day excretion period, the normal body weights of 
these animals were not materially altered. The accustomed animals had previ- 
ously heen receiving 20 mg./kg. of morphine sulfate daily for 10 months or 
longer. 

As mentioned above, one point of interest in this study was to compare the 
level of morphine exeretion during withdrawal in accustomed and nonaccustomed 


wera *From the Laboratories of Physiology and Pharmacology, and Biochemistry, Baylor Uni- 
ersity College of Medicine, Dallas, Texas. 
. A_preliminary report was read at the Federated Society Meetings held in Chicago on 

April 15-19, 1941. 
x This work was aided by a grant to one of us (DS) frem Hoffmann-La Roche, Inc., 
Nutley, New Jersey. 

Received for publication, November 3, 1942. 

it refer’ prefer the term ‘‘accustomed’’ to the usual term ‘‘addicted,’’ because in our opinion 
ects better the meaning of the French word ‘‘accoutumance.”’ 
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dogs and to note what influence, if any, prostigmine methylsulfate had on the 
amount and form of morphine excreted. In order to adequately accomplish this, 
the following procedure was used: each animal, whether accustomed or non- 
accustomed, received subcutaneous doses of 20 mg./kg. of morphine sulfate daily 
for an arbitrary three-day period. Then each animal was withdrawn for three 
days following the last dose. The morphine exeretion over this period of six 
days constituted the control values. With these values were compared the 
amounts of morphine excreted after the same subcutaneous dose of morphine 
and over the same period but with the addition of prostigmine methylsulfate 
in subeutaneous doses of 0.2 mg./kg. administered in conjunction with the 
morphine as well as during the withdrawal period. The 24-hour output of feces 
was collected once daily. The animals were catheterized twice daily, and the 
urines were pooled, comprising the 24-hour output. The 24-hour sample of urine 
was analyzed individually for free and combined morphine, and the 24-hour 
sample of feces was analyzed for total morphine. 

The extraction of free and of combined morphine after hydrolysis in the 
urine and the analysis of total fecal morphine was carried out as deseribed 
by Gross and Thompson.'| The morphine was determined colorimetrically by 
the diazotization procedure originally outlined by Pierce and Plant.4. Known 
amounts of morphine were added to urine and feces. We were easily able to 
detect such known amounts and thus establish the validity of the method em- 
ployed. Control diazotization experiments showed that prostigmine methy!]- 
sulfate did not in any way alter the determination of morphine by this method. 


RESULTS 


Table I summarizes the effects of prostigmine methylsulfate on morphine 
excretion in accustomed and nonaccustomed animals. It is obvious that the 
total per cent of injected morphine excreted in urine and feces is reduced when 
prostigmine methylsulfate is administered with the morphine sulfate. This 
total difference is about the same in both groups of animals although there is 
a tendency for a greater disparity in the accustomed dogs. If the lessened excre- 
tion of morphine is broken down into component parts, the decreased urinary 
excretion in the nonacecustomed dogs is reflected almost two to one in the com- 
bined, as compared with the free form as shown in the following analysis. 


ANALYSIS OF TABLE I. URINARY MORPHINE OUTPUT 


Under prostigmine methylsulfate the total percentage reduction in the 
urinary morphine excretion in nonaceustomed dogs (NA) was 17.6 per cent: 


. 67.2 - 55.4 
in accustomed dogs (A), 17.2 per cent ; i.e., ae 100 = 17.6 per cent and 


69.1 — 57.2 
69.1 
From Table I we see that the actual percentage reduction of urinary mot- 
phine output under prostigmine is: For NA dogs, free 4.2 per cent; con). 7.6 
per cent; for A dogs, free 5.0 per cent; comb. 7.0 per cent. (Since feeal excre- 
tion represents only a small percentage of total exereted morphine, it is not 
considered in this analysis. ) 


x 100 = 17.2 per cent. 
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The difference between the reduction in free and the reduction in combined 
morphine outputs was greater in NA dogs than in A dogs. Expressed as per 
cent of the reduction in free form for NA dogs, this difference was 81 per cent 
of the reduetion of free form, while for A dogs it was 40 per cent of the re- 
7.6 — 4.2 
4.2 

The percentage reduction of excreted morphine after prostigmine methyl- 
sulfate was for Free Morphine in NA dogs, 28 per cent; in A dogs, 34 per cent; 
for Combined Morphine in NA dogs, 14.6 per cent; in A dogs, 12.8 per cent; i.e., 


5.0 — 10.8 
ooo x 100 = 28 per cent, ete. 


duction in free form; i.e., x 100 = 81 per cent, ete. 


TABLE I 
EFFECT OF PROSTIGMINE METHYLSULFATE ON MORPHINE EXCRETION IN NONACCUSTOMED (NA) 
AND ACCUSTOMED (A) DoGs 


(Values Represent Average Per Cent Recovery of Total Dose of Morphine Administered ) 
(All Animals Received 20 Mg./Kg./Day of Morphine for 3 Days) 


PROSTIG- 
URINE 

NUMBER OF URINE + FECES 

ANIMALS FECES 3 % 
SULFATE of TOTAL FREE COMBINED 
MG./KG./DAY ‘i % % 

NA | A NA | A NA | A NA A NA | A NA | A NA | A 
0.0 | 672" 15.0 | 14.7 | 52.2 | 54.5 | 4.6 | 6.6 
5 | 3 0.2 0.2 61.1 62.4 | 55.4 | 57.2 | 10.8 9.7 | 44.6 | 47.5 5.6 | 95.2 


TABLE 


Output OF FREE AND COMBINED MORPHINE IN TERMS oF ToTaL URINARY OUTPUT AS 100 
PER CENT 


TOTAL %& FREE COMBINED 
**PROSTIGMINE’? % % 
NA A NA A NA A 
0.0 100 100 21.3 212 ries 78.8 
0.2 100 100 | 19.5 17.0 80.5 83.0 


The percentage reduction in amount of exereted, free morphine is slightly 
greater in A dogs than in NA dogs but is probably not significant. The per- 
centage reduction in amount of excreted, combined morphine is slightly less in 
A dogs than in NA dogs, but the difference is also probably not significant. 

lf the figures are expressed as fractions of total urinary morphine found, 
instead of fractions of the administered morphine, the urinary figures of Table I 
are as follows: (See Table IA.) 

Relative changes: Free morphine output reduction by prostigmine methy]- 
sulfate in NA vs. A dogs: NA dogs, 8.5 per cent; A dogs, 19.8 per cent. Ilence 
on a basis proportional to the total morphine found, relative reduction of free 
morphine output by prostigmine methylsulfate is 2 to 3 times as great in A dogs 
as in NA dogs after prostigmine methylsulfate. There appears to be a relative 
merease of output of combined morphine after prostigmine methylsulfate: in 
NA doys, 3.6 per cent; in A dogs, 5.3 per cent. 

By way of explanation, the thought arises that perhaps prostigmine methy]- 
Sulfate has less action on the excretory mechanism than it has on an earlier 
Stage of morphine action and metabolism. That is, that the proportion of free 
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and combined morphine is an independent factor as far as prostigmine methy!- 
sulfate is concerned, and that any variation is more a function of the total 
amount exereted rather than total dose administered. When total exereted 


morphine of either accustomed or nonaccustomed animals is considered, we see 
that after prostigmine methylsulfate, 17 per cent less is excreted. 


DISCUSSION 


These results clearly indicate that prostigmine methylsulfate decreases the 
exeretion of morphine in accustomed and nonaccustomed dogs. It seems fair to 
assume that such an effeet demonstrates the ability of prostigmine methylsulfate 
to alter the potential effectiveness of morphine in the animal body. We have 
long felt that prostigmine methylsulfate prevented the development of tolerance 


in animals,? and clinical observations’ using combinations of morphine and 


prostigmine methylsulfate suggest a similar effect. 

The greatest actual decrease in exeretion of morphine following prostig- 
mine methylsulfate administration is reflected in the combined form. There is 
also, however, a reduction of output of the free form. In either case it seems 
possible to suggest that prostigmine methylsulfate alters the effectiveness of 
morphine in the body, either by causing retention ef both forms or by increasing 
the rate of destruction of both forms in the body so that less can appear in the 
urine. In proportion to that amount of each form exereted without prostigmine 
methylsulfate, the greater proportional decrease of output is in the free mor- 
phine output; this is also evident in the relative shift in proportion of free and 


combined urinary morphine shown in Table LA. 

Gross® has suggested that the combined form of morphine may be re- 
sponsible for hypnosis and analgesia. If this is true and if retention of both 
forms of morphine in the body is the mechanism of prostigmine methylsulfate 
reduction of urinary output of morphine, one might thus explain, at least in 
part, the potentiation of morphine hypnosis and analgesia by prostigmine methyl- 
sulfate. The retention of free morphine might lead to a greater formation ot 
combined morphine, which would still further potentiate the hypnotic action 
under Gross’s hypothesis. Retention would result in a higher concentration of 
the effective form reaching the loci of action, and thus would simulate the effects 


of higher doses of morphine. 
SUMMARY 


1. Prostigmine methylsulfate in suitable doses decreases the total urinary 
excretion of morphine in accustomed and nonaccustomed dogs. 

2. The bulk of the decreased morphine excretion is reflected in the combined 
form. 

3. There is a relative shift in proportions of free and combined morphine 
in the urine, in the direction of a higher proportion of the combined form. This 
shift is greater in nonaceustomed dogs than in accustomed dogs. 

4. In the light of a retention of morphine in the body produced by pvostig- 
mine methylsulfate, the mechanism of potentiation of morphine hypnosis and 
analgesia by prostigmine methylsulfate is discussed. 
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IMMUNOLOGIC AND TOXIC PROPERTIES OF CASEIN DIGEST 
PREPARED FOR PARENTERAL ADMINISTRATION* 


AS 


Howarp Hoprs, M.D., JAMES A. CAMPBELL, B.S., CHicaco, ILL. 


hypovitaminosis continues to receive preponderant emphasis in 
studies on malnutrition, the effects of protein deficiency are not to be 
minimized, In addition to such obvious effects as inanition, failure of growth, 
anemia and nutritional edema, protein deficiency (hypoproteinemia) affects both 
quantitatively and qualitatively the regeneration of tissue; it predisposes the 
liver to injury by toxins, and it seriously interferes with the synthesis of anti- 
body globulin. Hypoproteinemia is an important cause of delayed wound heal- 
ing and wound dehiscence.t| An increased susceptibility of the liver to injury 
by such toxie substances as chloroform and arsphenamine during a state of pro- 
tein depletion has been shown, and the faet that feeding of protein exerts a 
marked protective action against injury has been demonstrated.2 The effect 
of protein depletion on resistance to infectious disease was the subject of discus- 
sion in the presidential address to the American Association of Immunologists 
this year.’ Evidence was presented to show that hypoproteinemia in animals 
markedly deereased their ability to synthesize antibody globulin, thus interfering 
with one of their most important defense mechanisms against infectious disease 
—the ability to develop active immunity. 

The treatment or prevention of the protein deficient state is often difficult. 
Administration of protein by mouth may be impossible, or digestive disturbances 
may prevent assimilation of fed protein. Associated with these conditions there 
is often a marked increase in protein requirements either from abnormal loss 
of protein or from increased metabolism. Parenteral therapy to relieve a con- 
dition of protein deficiency would be of especial importance in preparation of 
patients for surgery as well as in helping to maintain their nutritional state 
during the early postoperative period. In a discussion of hypoproteinemia and 
its relation to surgieal problems, Ravdin* states, ‘‘No consideration of fluid and 
electrolyte loss and their restitution is sufficient unless the plasma protein is 
simultaneously considered. ”’ 


*From the Department of Pathology, University of Chicago, Chicago. 
Received for publication, November 4, 1942. 
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For these reasons a source of protein which may be safely administered 
parenterally is much to be desired, to supplement or complement solutions of 
carbohydrates, salts, and vitamins. 

Over thirty years ago experiments were first done to develop such a source 
of protein. Success has come only recently, however. The gradual accumulation 
of facts leading to the demonstration that protein requirements could be com- 
pletely or almost completely met by supplying ten ‘‘essential’’ amino acids 
was probably the most influential factor in this respect. In a Harvey lecture 
in 1934° Rose said, ‘‘Indeed it is not wholly improbable that methods may be 
developed whereby this ideal mixture (amino acids) may be employed for 
parenteral administration to human subjects when the prevention of undue 
loss of body structure is an important consideration. 

This ‘‘ideal mixture’’ of amino acids has been closely approached in recent 
years although it comes not from a synthetic mixture of purified amino acids 
as Rose had postulated, but from the hydrolysis of a complete protein. Rapidly 
accumulating experimental data®* * "1 indieate that such preparations are 
utilized for protein synthesis and that when given parenterally, as a sole source 
of nitrogen, they serve to maintain nitrogen equilibrium and support normal 
growth and tissue repair. 

A commercial preparation of casein hydrolysate designed to serve as a 
parenteral source of protein food has been available for experimental use and 
has received much study during the past five years.* Experience with new 
drugs (e.g. amidopyrine, dinitrophenol, sulfanilamide, ete.), has indicated, how- 
ever, that although initial experimental trials reveal no significant toxic action, 
there may be decided deleterious effects when such drugs are subject to wide- 
spread or general use. For this reason, new drugs should always be subjected 
to thorough experimental study expressly designed to detect or to determine 
the nature of possible toxie effects. The demonstration of such toxie or dele- 
terious action of specific drugs need not result in absolute contradiction to their 
use; yet the knowledge of such untoward effects may allow for intelligent, 
directed caution or for the application of corrective measures. With these 
thoughts in mind experiments were undertaken to determine whether or not 
amino acid solutions prepared from hydrolyzed casein were toxic. 

In preparations made from proteins and intended for intravenous admin- 
istration to human beings the possibility of allergic reaction must always be 
considered. Since casein is an antigenic protein, there is the possibility that 
a product derived from casein might retain some of these antigenie properties. 
The first consideration, therefore, is to determine whether or not casein hydro- 
lysate is antigenic. Since it is generally accepted that complete hydrolysis 
destroys the biologic speciation of native proteins, demonstration of nonanti- 
genicity in these products would be strong evidence that complete hydrolysis 
had been accomplished. 

Two commercial preparations of casein hydrolysate were selected for test- 
ing. These will be referred to as products A and B. Concerning product A, 
its manufacturer states that efforts have been made to sensitize guinea pigs with 
A and to shock milk-sensitive pigs with A solution and that all such s‘udies 
have been negative, indicating the absence of antigenic properties; however, 10 


*Amigen, an enzymatic hydrolysate of casein, prepared by Mead Johnson & Co. 
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details of these experiments are available in the literature, nor are there experi- 
ments specifically directed toward the detection of pork protein which might have 
been introduced during the course of hydrolysis, a process accomplished by the 
action of ground pork pancreas. Concerning the antigeni¢ properties of product 
B, an acid hydrolysate of casein, its manufacturer states that ‘* biologie specia- 
tion in most instances is due to the prosthetic groups attached to the protein. 
Most proteins shown to be antigenic substances are despeciated by enzymatic 
hydrolysis.’’ The product in question, however, is not an enzymatie hydrolysate. 
The works of Hill and of Altshuler are cited to substantiate further claims that 
this particular casein digest is nonantigenic. Neither Hill nor Altshuler used 
the particular preparation under consideration. Hill’ maintained infants aller- 
gic to milk on casein digest for periods up to three months. In about half of the 
cases eczema was relieved. Altshuler, Hensel, and Sahyun® injected two rabbits 
with an acid hydrolysate of casein and were subsequently unable to produce 
anaphylactic shock in these animals. These findings are inconclusive, however, 
because of the unsuitability of rabbits for anaphylactic tests. 


EXPERIMENTAL 


ANTIGENIC PROPERTIES 


OF CASEIN HYDROLYSATES 


The first series of experiments consists of determining whether or not pre- 
formed antibodies to casein react with hydrolysates of casein and whether 
or not hydrolysates of casein are in themselves capable of stimulating the forma- 
tion of antibodies for themselves or for casein. Three groups of normal adult 
‘abbits were given repeated injections of preparation A,* preparation B, and 
purified casein (Casein-Harris). Multiple doses of these substances were ad- 
ministered by intramuscular, intraperitoneal, subeutaneous, and intravenous 
routes. In addition, ten intramuscular ‘‘depots’’ of the test substance adsorbed 
upon alumina gel after the method of Hektoen and Welker® were produced. 
After 65 days serum precipitin titers were determined in all groups by the 
collodion particle method of Cannon and Marshall,'® as well as by the usual 
antigen-dilution method. Precipitins for casein digest were not found in any 
case; neither did the animals treated with casein digest exhibit antibodies for 
casein. Skin tests were performed using cows’ milk, 10 per cent A, and 10 
per cent B. Casein-sensitized animals gave positive reactions only to milk. 
Animals treated with casein digests gave no positive reactions to casein nor to 
the casein digest with which they had been treated. These animals were bled, 
and the pooled serums of each group were injected intraperitoneally into cor- 
responding groups of normal 180- to 200-gram guinea pigs. Two days later 
anaphylactic tests were performed. Two ¢.c. portions of the test substances 
were given via the jugular vein to the unanesthetized pigs. Casein-sensitized 
animils were divided into three groups. To group one, casein was given and 
these animals died of typical anaphylactic shock. Group two received A (10 
per cent solution) with no reaction. After several hours these same animals 
were again injected, this time with casein, with resultant death from typical 
anaphylactic shock. Group three was treated in essentially the same manner 
as group two, except that solution B was substituted for A. Identical results 
were obtained. 


*i\indly furnished by Mead Johnson & Co. 
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Twenty-eight virgin female guinea pigs weighing 150 to 180 grams were 
‘passively sensitized’? with pooled serums from rabbits treated with casein, 
A, or B. These animals were sacrificed at three to four days, and musele strips 
(uterine horn) preparations were studied for passive sensitization using the 
Schultz-Dale technique. Fig. 1 shows the typical reaction of a normal uterine 
muscle strip to A, to B, and to casein. These test solutions (aqueous) had been 
adjusted to a pH of 6.8 to 7.0 by the eareful addition of 0.1 N NaOH. In Fie. 
2, however, the pH of test solutions A and B was unaltered (approximately 4.5). 
These differences in reaction to A (compare Figs. 1 and 2) are apparently the 
result of some change in state that occurs with neutralization of solution A, a 
change that is marked by the gradual formation of a rather abundant cloudy 
precipitate. 


Fig. 2. 


The reaction of normal smooth muscle to these hydrolysates of casein indi- 
‘ates the presence of some histamine-like substances, peptones, or tyramine, 
which may explain the frequently observed reactions of flushing, sensation of 
warmth, and nausea observed in patients who are administered casein digest by 
vein,??» 13 

Typical reactions of the casein-sensitized group are shown in Fig. 3. An 
anaphylactic response has occurred to casein. The reactions of this group to 
solutions A and B are essentially similar to those exhibited by the contre! anl- 
mals. 
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Fig. 4A shows a typical reaction of the A-‘sensitized’’ group to casein and 
to A; these are normal reactions. Fig. 4B illustrates the reaction of a B-**sensi- 
tized’’ animal to casein and to B. This reaction to B is the most marked of any 
exhibited by this group; it is not a typical anaphylactic reaction, however, and 
the reaction to casein is as in the normal. Other animals of this group gave 
an essentially ‘‘normal’’ reaction to B,. 

These studies adequately demonstrate that the two preparations of hydro- 
lyzed casein tested are incapable of stimulating antibody production, nor do 
they react to preformed casein antibodies. 


Fic.. 3: 


A second series of experiments concerns only product A in the preparation 
of which hydrolysis is accomplished by means of ground pork pancreas. The 
honantigenicity of substance A has just been demonstrated, but there remains 
for investigation the possibility that modified pork protein exists as a partial 
antiven or haptene, incapable of stimulating antibody formation, but capable 
of reacting with preformed pork antibodies. To explore this possibility, rabbits 
were sensitized to swine pancreas and swine serum, as demonstrated by the 
prescnee of specific precipitins and by positive Arthus reactions. Animals 
treated with A failed to show precipitins or positive skin reactions to swine 
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serum or swine pancreas. Likewise, animals sensitized with swine pancreas or 
swine serum failed to show precipitins or positive skin tests against A. Anaphy- 
lactic tests were performed with passively sensitized guinea pigs in the same 
manner as previously described. There was no demonstrable antigenic relation- 
ship between pork proteins and product A. 


Avimal 


Sa 


Fig. 4. 
TOXIC PROPERTIES OF CASEIN HYDROLYSATES 


Table I shows the hydrogen ion activity and hydrogen ion concentration of 
the two preparations tested. It can be seen that these solutions have a hydrogen 
ion concentration comparable to 1/16 to 1/12 N HCl. Their effect on the pH 
and CO, combining power of human plasma in vitro is also shown. The pro- 
portions of hydrolysate and plasma in these mixtures is comparable to that 
which would be attained in a 65 ke, patient given intravenously, at a single 
dose, 1500 ¢.c. of a 10 per cent solution of amino acid mixture. This is ad- 
mittedly an artificial comparison in that amino acid mixture introduced into 
a patient would not all remain in the blood stream for the period requir d to 
administer this large quantity. From these observations it was thought that 
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casein hydrolysates might have a marked tendency to produce acidosis, espe- 
cially in those patients who were seriously ill and who received repeated large 
doses of the substance. Experiments were done to evaluate this effect. Blood 
plasma was obtained from two patients* just before the intravenous administra- 
tion of 1500 ¢.c. of 10 per cent amino acids (product A). This material was 
given over a period of eight hours and was accompanied by 1500 ¢.c. of 10 
per cent dextrose in saline and 1500 ¢.c¢. of 10 per cent dextrose in water. Im- 
mediately upon completion of this infusion a second specimen of plasma was 
obtained from each patient. In patient No. 1, the CO, combining power dropped 
from 59.2 vol. per cent in the first sample to 50.5 in the second sample. In 
patient No. 2, the decrease was from 58.7 vol. per cent to 52.6 vol. per cent. 
These changes may well represent only the dilution of blood plasma resulting 
from administration of a large amount of hypertonie fluid. Plasma pH did not 
vary significantly. Similar observations were made on a third patientt to 


TABLE I 


HyYpROGEN ION ACTIVITY AND CONCENTRATION OF CASEIN HYDROLYSATES AND THEIR EFFECT 
ON HUMAN PLASMA 


0.1 N.Na OH ADDED TO BRING pH TO: 
SOLUTION pH (10 c.c. SAMPLE) 
7.2—7.4 8.1—8.2 
10% A 4.6 5.59 12.82 e.e. 
10% B 4.33 8.15 13.98 e.e. 
CO, Combining Power 
Vol. 
Plasma + Saline 7.5 60.9 
Plasma + A 5.96 6.9 
Plasma + B 5.8 


whom 400 ¢.c. of 10 per cent amino acids was given intravenously during a 
period of two hours and thirty minutes. Variation in CO, combining power 
and pH of plasma did not exceed the limits of experimental error. 

From these in vivo studies it is apparent that hydrolyzed casein, in spite 
of its very appreciable hydrogen ion activity in vitro, has but little effect on 
the acid-base balance in the body. Since but a small proportion of this sub- 
stance, given intravenously, is excreted as such in the urine, and since there 
is but little immediate destruction of the substance, as measured by increased 
ammonia excretion, it appears necessary to postulate the very rapid conjugation 
of parenterally administered amino acids in order to explain how the acidity 
of such solutions is nullified without affecting the alkaline reserve of the blood. 
That such conjugation of amino acids results in the immediate formation of 
complete proteins seems hardly likely although such a step may be a major one 
in the synthesis of protein. This conclusion is in harmony with direct observa- 
tion on the rapidity with which the blood stream is cleared of injected amino 
acids,1? 13 

To further test for toxie action of casein hydrolysate, post-mortem studies 
were made on seventeen patients who had received casein digest by intravenous 
route during the course of their terminal disease. Of these patients, the maximum 


tomy “These individuals were both adult women. Patient No. 1 had undergone a cholecystec- 
oe, and patient No. 2, an appendectomy, the preceding day. They both made uneventful 
ecoveries, These patients were on the service of Dr. Alexander Brunschwig. 

‘A 56-year-old white man suffering from lipoid glomerular-nephritis (nephrotic nephritis). 
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amount administered was 2,100 Gm., as 10 per cent solution (over a 21-day 
period). Time of administration of amino acids in these patients varied from 
twenty days to one hour before death. In no ease were there morphologic 
changes in tissues which could be definitely attributed to a toxic effect of 
easein hydrolysate. In but one instance was there any reason to suspect that 
amino acid therapy was a factor in causing death. This was in a man with 
carcinoma of the cystic bile duet who had undergone an operation in which 
the gall bladder and cystic duet were reseeted, the common bile duct ligated, 
and the hepatie artery ligated and severed. Postoperatively, this patient's 
course was one of progressive failure. There was jaundice and, two days before 
death, a precipitous fall in serum protein. In an attempt to ameliorate this 
condition amino acid therapy was instituted. Following the intravenous ad- 
ministration of 200 ¢.«. of 10 per cent amino acid solution, the patient ex- 
perienced a severe chill. The venous infusion was stopped, but the patient 
died an hour later. At necropsy severe hepatic damage was evident. 

That the liver is the major organ concerned with the synthesis of protein 
seems evident from the work of Whipple, Mann, and others; in facet, the dis- 
appearance curve for injected amino acids has been used with some success in 
evaluating liver function. The study of intermediary protein metabolism with 
the aid of isotopes by Schoenheimer and others also lends support to the view 
that amino acids, plasma proteins, and tissues proteins, especially those of the 
liver, exist in a state of very dynamic equilibrium. In a recent paper,’* Madden 
and Whipple summarize such experimental evidence and conclude, ** The present 
evidence speaks in favor of the liver as the site of production of albumin and 
much of the globulin.”’ 

The ease last cited may well represent a situation in which hepatie damage 
was so severe that rapid conjugation of amino acids, as a preliminary step in 
the synthesis of protein, could not occur, with the result that amino acids 
given intravenously exerted the same effect on the acid-base balanee of the body 
as was observed in in vitro experiments with human plasma (see Table I). It 
suggests that marked hepatic insufficiency may be a very serious contraindica- 
tion to the parenteral administration of amino acid mixtures. 


SUMMARY CONCLUSIONS 


AND 


It has been demonstrated that the two preparations of casein hydrolysate 
tested are nonantigenic. Reactions of normal smooth muscle strips to casein 
digests have indicated the presence of some histamine-like substances, peptones, 
or tyramine, which may explain the frequently observed reactions of flushing, 
sensation of warmth, and nausea, in patients administered casein hydrolysate 
by vein. It has been shown that although casein hydrolysates have a high 
hydrogen ion concentration and activity, this does not appreciably affect the 
acid-base balance in those persons with adequate liver function. This is pre- 
sumably due to the very rapid rate at whieh amino acids are conjugated by 
the liver. Post-mortem studies of seventeen individuals who had received cascin 
digest parenterally failed to disclose significant morphologic changes as a toxic 
manifestation of amino acid therapy. The suggestion is made that patients with 
poor liver function may be unable to conjugate parenterally administered amino 
acids at a sufficiently rapid rate to eseape severe acidosis. 
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CAFFEINE-WITHDRAWAL HEADACHE* 


Rosert H. Dretspacu, Pu.D., aNp Cari Premrer,t Pu.D., M.D., Cutcaco, 


HE production of the experimental headache for investigative purposes was 
initiated by the observations of Loevenhart®? and his co-workers in 1927, who 
found that nitrite headaches were accompanied by a dilatation of the meningeal 
blood vessels. Pickering*® in 1933 studied headaches produced by the intravenous 
injection of small amounts of histamine. These studies were enlarged by Clark 
et al.* in 1934 and by Wolff et al.° in 1940, who demonstrated that this experi- 
mental headache was accompanied by an increased excursion of the cerebral blood 
vessels. Carbon monoxide headaches have been studied in a few individuals 
(Cobb et al., 1924),° but the toxie nature of carbon monoxide does not lend itself 
to human experimentation. The experimental headaches studied thus far do 
not simulate any of the so-called common headaches in mode of onset or dura- 
tion. The histamine headache, however, is by far the most constant and may 
be produced in almost all subjects. 

Because many people ascribe an occasional headache to lack of their morn- 
ing coffee, and because considerable ‘‘letdown’’ must result if this stimulant 
drug is withdrawn from habituated individuals, an attempt to produce and 
study such a headache was undertaken. In a recent survey of one hundred 
and twenty-eight migraine patients, twenty-five stated that lack of their usual 
coffee intake would result in headache. Five patients volunteered the informa- 
tion that the headache was not of the migraine type. In this study we have at- 
tempted to produce headache by administration of caffeine over a suitable period, 
usually a week, and then abruptly withdrawing the drug. 

Data obtained in this laboratory’ have indicated that there is a relative 
hemoconcentration accompanying migraine. Hence, it was thought advisable 
to determine total proteins and hematocrits during the course of the experiments. 
Several investigators*"' have reported that the serum ealeium is decreased in 
migraine patients. Therefore, it was thought possible that electrolyte changes 
in the blood might also be correlated with any period of headache produced by 
caffeine withdrawal. 
EXPERIMENTAL 


Caffeine, 0.120 Gm. capsules (gr. ii) as the sodium benzoate or citrate salt, 
was administered to normal subjects in an increasing daily dosage up to 0.75 
Gm. (gr. xii), usually given in the morning. Twenty male and two female 
subjects (graduate and medical students) were used. Their ages varied ‘rom 


*From the Departments of Pharmacology of the University of Chicago and \Wayne 
University Medical Schools. 

A preliminary report was given before the American Society for Pharmacolog) and 
Experimental Therapeutics at New Orleans, March, 1940. 
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20 to 33 years. They were not hospitalized, but they were observed and had 
their symptoms recorded daily. No regulation of food intake was attempted. 
Only three of the twenty subjects were normally total abstainers from caffeine- 
containing beverages. In order to add to our knowledge of the migraine syn- 
drome, five of the subjects were particularly chosen because they had had typical 
periodie migraine headaches for at least two years. The subjects were given a 
series of ten or more dated envelopes, each containing the same number of ¢ap- 
sules, placebo capsules and caffeine capsules being mixed in such a way that 
the subject would start with a small dose of caffeine the first day, but increasing 
daily so that by the sixth or seventh day the subject would be receiving 10 to 12 
grains of caffeine per day. On the seventh or eighth day placebo capsules were 
substituted without the subject’s knowledge, so that no caffeine was received 
thereafter. During the experiment the subject abstained from caffeine bever- 
ages, and in most cases the subjects had no caffeine beverages for the 24 to 48 
hours preceding the beginning of administration. The experiment was post- 
poned if the subject had a headache, and this occurred in five instances when 
habituated subjects discontinued their customary daily coffee intake. 

Five blood samples were taken during each experiment. An initial con- 
trol sample was taken before administration of caffeine was started, a second 
at the height of the caffeine stimulation, a third on the day before withdrawal, 
a fourth at the height of the headache, and a fifth on the following day when the 
subject was free of headache. In tabulating the results. the first three samples 
on each subject have been averaged, since they were found to be uniformly the 
same. At the time the blood samples were taken, blood pressure and pulse were 
recorded after the subject had been supine for five minutes. All control ob- 
servations and samples were taken between 4 p.m. and 8 p.m. after it was found 
that this was usually the time of maximum headache. 

Serum calcium, serum inorganic phosphorus, serum potassium, serum pro- 
tein, serum and blood specific gravity, and hematocrits were determined as in 
previous studies.'? The calcium samples were stored at a stable phase of the 
analysis, so that fifty to one hundred samples could be disinterestedly titrated. 


RESULTS 


During the first two or three days of caffeine administration, all subjects 
reported stimulation with slight muscular tremors and a lessened sense of 
fatigue. Two subjects noted insomnia immediately upon retiring, but this was 
never severe enough to require sedation. Later they noted no stimulation, but 
did report that they slept longer and more soundly. Approximately one-half 
of the subjects reported diuresis during the early period of the administration. 
The lack of stimulation on repeated doses agrees with the findings of Eddy and 
Downs,* who noted an increase in the reaction time in habituated subjects. 

li twenty-one out of thirty-eight trials, headache resulted which was as 
Severe as the subject had ever had. In eleven trials the headache was definite, 
but not severe enough to necessitate treatment. In six experiments on four 
subjects very slight or no headache resulted. The headache-resistant group did 
not include any of the original abstainers from caffeine. In three of these re- 
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sistant subjects, the icteric index was above the normal range?* and the 
sclerae of M. B. with an index of 23 were vellow-tinged. These three subjects 
have noted that they are generally free of headache of any type. However, sub- 
ject M. B. with idiopathic jaundice had a typical histamine headache of 12 min- 
utes’ duration when given 0.1 mg. of histamine diphosphate intravenously. Both 
of the two female subjects developed severe headache which required treatment. 

Characteristics of the Headache: The symptomatology of the headache 
is remarkably constant and may be summarized as follows: On the day of 
withdrawal, lethargy was usually noticeable in the morning, while a feeling of 
cerebral fullness occurred about noon. Actual headache usually began in the 
early afternoon and reached a peak three to six hours later. The subjects lo- 
‘alized the headache as occipital or central at the onset, which then in most cases 
became generalized and throbbing in character. In six subjects the headache 
was consistently accompanied by some degree of nausea, and in two subjects 
vomiting occurred. In four subjects the headache was consistently accom- 
panied by a serous rhinorrhea of such severity that they at first thought that 
an acute upper respiratory infection was impending. Subjects also complained 
of mental depression, drowsiness, vawning, and disinelination to work. 

During the incipient stage of the headache the patients’ ears were usu- 
ally intensely hyperemic, but later if the patients became nauseated, the ears 
would pale and generalized pilomotor activity was observed. The headache, 
when well established, was intensified by bending over or by straining, as at 
stool (Valsalva’s experiment). Relaxation, such as napping, made the headache 
worse, while violent physical exercise (running upstairs), with the exception 
of one subject, intensified the headache. Jugular vein compression with the 
resultant inerease in cerebrospinal fluid pressure produced the usual feeling ot 
cerebral fullness, but did not intensify the headache. 

Treatment of the Headache: Headache produced by caffeine withdrawal 
was found to respond to treatment by caffeine or acetylsalicylic acid. When 
caffeine was used to relieve the headache, the subjects sometimes complained of 
secondary headache the next day. While benzedrine sulfate gave relief for two 
to six hours, in four of six subjects the headache recurred in an intensified form. 
Amy] nitrite afforded temporary relief in one subject, but this was then fol- 
lowed by a short period of exacerbation, after which the headache continued as 
before. In severe headache with nausea and vomiting, oxygen inhalation af- 
forded definite relief in two subjects. If given early enough in the course of the 
headache, the most effective treatment was caffeine. 

Blood Findings: In Table I are given the results of determinations of 
serum calcium, serum inorganie phosphorus, serum protein, and hematocrit 
during the normal and administration periods, at the time of the headache, and 
on the day following when the subjects were free of headache or had received 
caffeine in treatment of a secondary headache. Under each column are given the 
averages and standard deviations of all the data. Values obtained during the 
administration of caffeine are not tabulated separately because these values 
were comparable to the normal values. The serum protein and the hematocrit 
were found to be generally lower at the time of the headache in all but three 
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The serum calcium was lower in all but one experiment, and serum 
inorganic phosphorus was slightly higher during the headache period. The 


experiments, 


change in serum calcium could be ascribed to the hemodilution exeept that by 
the same reasoning the rise in serum phosphorus would be even greater than is 
apparent from the data. Since calcium fluctuates inversely with phosphorus, 
the calcium may still be indirectly involved. 

Graphs of changes in blood constituents in one subject during three dit- 
ferent experiments are shown in Figs. 1 to 3. It should be noted that at the 
time of the headache, significant, but not consistent, decreases occurred in the 
serum calcium, protein, hematocrit, and blood specific gravity. An elevated 
serum phosphorus was consistently present at the time of the headache. The 
blood pressure and pulse changes were frequently marked, but were in general 
uninterpretable. 

TABLE I 


PHOS. 


| 


CALCIUM PROT. 


SUBJECT MG. PER 100 c.c. | MG. PER 100 c.c | GM. PER 100 c.c. 
“Dp 10/7 ~ 96 95 100 | 32 46 42 | 82 76 83 

P 10/17 9.6 9.2 47 48 49 
R 10/27 98 9.4 9.5 26 36 3.0 48 45 48 
KA 11/10 9.5 9.2 9.0 32 32 49 48 49 
RS 11/10 9:0 8) 82 27 Ba 7.5 47 46 49 
BF 12/9 9.0 “Sal 35 3.8 4.1 47 44 46 
D 12/1 9.6 9.5 10.0 2.9 32 3.4 8.3 8.7 8.9 47 46 51 
12729 10.3 9.3 10.9 36 3.1 3:4 77. 51 48 49 
1/19 99 95 9.8 26) (8:7 48 45 47 
2/23 93 89 9.5 87 50 46 48 
D 2/23 9.4 9,1 8.9 3.6 3.6 2.8 8.2 7.8 7.6 52 48 50 
BF 4/6 92 9:0 34 33° 34 Ge 3 45 44 
RS 4/23 89 89 89 a6). 28) 82 7.7 T8 47 46 
RS 6/14 OF 43 4.7 3.6 $45 48 45 49 
DB 5/6 9.6 9.3 10.8 35° 3:6. 397 8.0 7.9 9.6 49 48 47 
CL 6/729 | 90 88 88 | 26 35 4 72 #75 74 | 48 51 #447 
Average 95 91 94 | 32 3.6 3.4 82 7.9 8.1 48.2 46.7 47.9 
Median 96 92 9.3 34 S2 32 48 46 48 


The first column in each series represents the average of all determinations taken before 
the headache. Column 2 represents determinations at the time of the headache, and column 3 
represents determinations 24 hours after the headache. The mean of 12 control calcium 
samples taken daily at 5 p.m. on 4 subjects for 3 days was 9.45 + .57 mg. per cent. 


DISCUSSION 


It was uniformly noted that the headache following caffeine withdrawal was 
quite different from the migraine syndrome in the five migraine subjects studied, 
although the eaffeine-withdrawal headache was accompanied by nausea in four 
of the migraine subjects and vomiting in one. In two subjects whose migraine 
is typically unilateral the caffeine-withdrawal headache was generalized. In 
two subjects the headache occurred on the opposite side of the head from their 
usual migraine. One subject has left-sided frontal migraine, but three eaffeine- 
Withdrawal headaches were bilateral and occipital in distribution. Three of 
these five subjects regularly have scotomas with their migraine headaches, but 
no such visual phenomena preceded or accompanied this experimental head- 
ache. Two migraine patients, however, had migraine headaches at the height 
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rise in hematocrit and total proteins was present at the time of the headache. 
The change in blood chemistry and blood volume found in this study would, 
hence, be another point of dissimilarity between the two types of headache. 
That the ecaffeine-withdrawal headache is due to changes in cerebrospinal 
fluid pressure or volume is doubtful, since bilateral jugular compression which 
raises cerebrospinal fluid pressure does not intensify the headache. Amy] 
nitrite, however, relieves the headache during the short period of relaxation of 
the peripheral and splanchnic vascular tone. While the present data, due to the 
inadequacy of present methods, must necessarily be inconclusive, there are 
numerous findings that would be in accord with the hypothesis that this head- 
ache might result from an inerease in effective arterial blood volume without a 
corresponding diminution in peripheral vascular tone, namely, the gradual onset 
of cerebral fullness, hyperemia of the ears, lowered serum proteins, the oceur- 
rence upon withdrawal of a diuretie drug, and the response to drugs and phys- 
ical measures affecting headache. 


CAFFEINE- WITHDRAWAL HEADACHE 
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It is known from the work of Wolff's '° that many headaches, ineluding 
histamine and migraine headaches, are accompanied by an increased excursion 
of the cerebral blood vessels. This may occur reflexly or passively by changes 
in the volume or pressure of any one of the three semifluid media within the 
cranial vault, namely, the cerebrospinal fluid, the brain substance, or the blood. 
Since the first two media are relatively constant, and since the functional 
pathology of most headaches is known to reside in the vascular wall, the cause 
of the pain must be either a reflex dilatation of the blood vessels or an increased 
excursion of the vessels due to the two other factors which could affect the caliber 
of the cranial blood vessels, namely, the arterial blood volume or the pressure of 
the Surrounding media. Bazett'® has estimated the arterial blood volume from 
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anatomic measurements of the mesenteric vessels, and his observations indicate 
that the arteries probably contain a relatively small proportion (perhaps less 
than 20 per cent) of the total blood in a given region of the circulation. Thus, 
while the changes in blood volume demonstrated in this study are small, they 
may have exaggerated significance when combined with changes in eardiac out- 
put and peripheral vascular tone. 

Since all factors must be considered, there remains the possibility that this 
headache might be due to direct or reflex dilatation of the cerebral vessels by the 
withdrawal of caffeine. Hirschfelder’? has shown that caffeine tends to dilate 
the cerebral vessels if given intravenously. Oral caffeine is, however, believed 
to constrict the cerebral vessels, and this has been correlated by Sutherland and 
Wolff'* with the observation that caffeine decreases the excursion of the cere- 
bral blood vessels when used in the treatment of migraine headache. 

The caffeine-withdrawal headache probably typifies one of the so-called 
‘“‘common headaches.’” In this respect it may be of value as an experimental 
headache. It may also provide a means of studying analgesic drugs by afford- 
ing a method of producing predictable headaches. This study also provides a 
plausible explanation for the hitherto empirical addition of caffeine to many 
headache remedies. 

The authors wish to express gratitude to the numerous subjeets who aided 
in these experiments. 

SUMMARY 


In 55 per cent of thirty-eight trials on twenty-two subjects, headache as ex- 
treme in severity as the subjects had ever experienced was produced by the sud- 
den withdrawal of caffeine. In 29 per cent of the trials the headache was defi- 
nite, but did not require treatment. In 16 per cent of the experiments little or 
no headache resulted. The headache is without seotomas, slow in onset, central 
in origin, becoming generalized after four to six hours; and it may be aecon- 
panied by nausea and vomiting. In migraine subjects the headache differs from 
their typical migraine headache. The blood studies indicate that a lowered 
serum calcium, an elevated serum phosphorus, and possibly an increase in blood 
volume accompany the headache. 
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THE ETIOLOGY OF THE MIGRAINE SYNDROME— 
A PHYSIOLOGIC APPROACH* 


Caru Premrer,t Pu.D., M.D., Roperr H. Dretspacu, Px.D., 
CHARLES C. Roby, Pu.D., Howarp G. Guass, B.A., Cuicaco, 


ILE possibility that blood volume changes might participate in the etiology 

of migraine headaches has not hitherto been investigated, although Lennox 
and Leonhardt! in 1937 suggested that alterations of ‘‘blood concentration”’ 
might play a dominant role in migraine headache. Established factors in the 
migraine syndrome which might be correlated with changes in blood volume are: 

1, Onset at puberty and frequent relief at the menopause (correlating 
with onset and waning of cyclic activity of the sex hormones with their salt- 
and water-retaining properties). 

2. Greater incidence in the female than in the male due to greater salt- 
and water-retaining power of estrogens compared to androgens.” 

3. Menstrual migraine (perhaps due to sudden decrease in the estrogens 
With their salt- and water-retaining activity). 

4. Relief of migraine by pregnaney due to the normal, concomitant in- 
crease in the blood volume with a high, maintained estrogen level. 

5. Partial relief of the headache by the coal tar analgesies* and thyroid* 
therapy, both of which are known to produce a relative hydremia. 

6. Marked relief by long-acting vasoconstrictor drugs, such as ergotamine 
tartrate and benzedrine sulfate (amphetamine). 


,. “From the Departments of Pharmacology of Wayne University and the University of 
Chicago Medical Schools. 


jLieutenant (M.C.), U.S.N.R. 
Keeeived for publication, November 16, 1942. 
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7. The occurrence of the headache with relaxation or a relative ‘‘let down”’ 
in activity. 

These factors might be ascribed to an accompanying relaxation of periph- 
eral-vascular tone without an increase in blood volume. Any altered physi- 
ology due to hereditary anomalies of the cerebral arteries would be precipitated 
at this time because of the decreased blood supply to the cranial area. It was 
the purpose of this study to determine whether headache of the migraine type 
is accompanied by relative changes in blood volume; at the same time other 
data, such as the blood pressure, pulse, serum calcium, phosphorus, and potas- 


sium, were obtained. 
EXPERIMENTAL 


1. Relaxation Headache.—The typical Sunday morning headache of the 
business man, the Monday headache of the clergy, the day-off headache of the 
nurse, and the post-examination headache of the student may all come under 
this classification. In order to determine if blood volume or electrolyte changes 
were involved in relaxation headaches, medical and graduate students were 
asked to come to the laboratory for blood sampling whenever they had a 
spontaneous headache. At that time a careful history was taken of the pre- 
ceding sequence of sleep and activity to correlate any possible relaxation fac- 
tor. Ina series of twenty-six headaches studied, nine could be definitely cor- 
related with relaxation (such as sleeping late). Blood samples were taken and 
analyzed for serum calcium, potassium, inorganic phosphorus, and proteins. 
The pulse, the reclining blood pressure (average of 3 to 4 trials), and hema- 
tocrits were also determined. A second series of observations and samples was 
taken after relief of the headache by caffeine and acetylsalicylic acid. If 
this therapy did not relieve the headache, the second blood sample was not 
obtained until one or two days had elapsed. Table I summarizes the findings 
in the nine headaches in which the subjects gave a history of relative relaxa- 
tion. Ordinarily the serum proteins are the best index of changes in the blood 
volume, since they are usually constant. A rise in the serum proteins indicates 
a decrease in the blood volume at the time of the headache. Conversely, a 
lowered serum protein indicates a hemodilution. The hematoerit is much less 
reliable because it is changed by mobilization or storage of the red blood cells. 

It is of interest to note that half of these subjects with relaxation head- 
ache have an appreciable rise in diastolie blood pressure at the time of the 
headache. With only two exceptions the change in the serum proteins indi- 
cates a relative hemoconcentration at the time of the headache. In the case 
of B.V. the first headache followed sleeping late after a hurried week-end 
motor trip. Accordingly, the same degree of sleepless activity was again arti- 
ficially simulated, and the subject again slept late. Except for the blood pres- 
sure and the degree of the headache, the findings were almost identical. The 
first headache was, however, more severe, which happening might in some way 
be associated with the higher diastolic blood pressure. 

2. Migraine Headache—In a similar fashion, blood samples were obtained 
from migrainous patients suffering from typical migraine headache. Table II 
summarizes the findings in ten such headaches. These observations differ {rom 
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the findings in the relaxation type of headache in that five subjects showed a 
marked hypotensive level of blood pressure at the time of the headache with 
a return to normal on relief of the headache. The other six showed higher 
serum protein levels, thus indicating relative hemoconcentration at the time 
of the headache. In those cases that had no actual volume change, a relative 
inadequacy of the effective arterial blood volume is suggested by the decreased 
blood pressure, indicating a decreased peripheral-vascular tone. There was 
evidence of a lengthened blood-clotting time during the headache. 


TABLE I 


RELAXATION HEADACHE 


MG. PER| MG. PER| MG. PER | GM. PER | PULSE 
100 ¢.c.| 100 ¢.c.| 100 c.c. | 100 
1. B.V. | 
6/27 9.5 SS af 8.52 130/94 92 | 50.5 Headache 
9.5 8.31 134/84 88 | 50.6 Normal 
7/2 9.4 8.60 122/76 92 47.5 Headache 
9.2 ae — 8.30 116/78 96 49.2. Normal 
2/7 8.5 38 16.0 9.10 140/94 | 88 47.4. Headache 
foe ae 17.0 8.17 138/98 82 48.0 Normal 
4. 
12/6 8.8 2.2 ee 8.30 122/90 72 47.5 Headache 
9.0 | | 8.60 110/88 68 48.3 Normal 
5. R.S. 
6/22 9.8 3.6 iB 8.10 152/102 88 46.0 Headache 
8.7 2.6 ae 7.70 122/85 68 44.2 Normal 
Gs 
4/20 9.8 a 15.6 8.20 140/98 96 54.6 Headache 
9.8 8.00 126/88 102 45.5 Normal 
7. 
11/19 9.9 3.2 = 8.50 108/78 62 50.5 Headache 
9.6 Ost oe 7.79 114/78 60 47.0 Normal 
8. P.S. 
1/24 9.9 5 He 16.0 9.50 150/100 S88 49.0 Headache 
9.6 3.6 16.0 8.80 126/80 54 43.5 Normal 
9) 
1/5 9.3 = aoe 8.10 122/70 80 48.0 Headache 
oes 9.4 3.5 = 8.10 112/68 56 47.1 Normal 
Mean 9.6 8.55 | 132/89 S4 49.0 Headache 
9.4 8.19 | 122/83 76 47.0 Normal 


3. Menstrual Migraine.—A few patients with menstrual migraine have two 
types of headache. The first is a dull, generalized headache which may occur 
during the week preceding menstruation at the height of the estrogenic salt 
and \ater retention and may be due to a relative hemodilution. The second 
type, a typical migraine syndrome, occurs around the first day of menstruation 
and is perhaps due to the quick rebound phenomenon described by Harrop.’ 
Table III summarizes the findings in five menstrual migraine headaches. It is 
evident again from these data that the only common factor at the time of the 
Mensirual migraine headache is a decreased blood volume as indicated by a 
relatiy ely higher serum protein level at the time of the headache. The subject 
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A.U. is of interest in that the menstrual migraine is accompanied by the same 
lowering of blood pressure which characterized a previous migraine attack 
that did not oceur at menstruation. The average hematocrit is distorted by 
the final normal sample in No. 5 which was obtained two weeks after the head- 
ache. Menstrual blood loss might also affect the hematocrit readings at the 
time of the headache. 

TABLE IT 


MIGRAINE HEADACHE 


| | Loop | | HEMATOCRIT 
| MG. PER| MG. PER | MG. PER | GM. PER | | 
1100 c.c.} 100 ¢.c.| 100 c.c. | 100 
| | | | | 
4/8 | 10.0 | -- | 168 | 820 | 95/70 | 84 | 4.50 42.5 Headache 
| 9.8 | 7.90 | 105/75 S4 4.20 41.0 Normal 
2. M.M. | | | 
| 98 | -- | 9.20 | 138/98 82 | 4.20 | 48.5 Headache 
| 98 | =- = 8.31 | 124/92 76 3.70 48.5 Normal 
| | | | 
4/24 | 10.8 | -- 14.4 | 8.50 | 134/90 104 | 3.80 | 48.5 Headache 
309 | = 14.8 | 8.20 | 118/80 &8 3.80 45.0 Normal 
| 
4. B.0. | | | | 
5/19 9.3 } -- 19.1 | 8.81 80/58 | 68 4.50 45.0 Headache 
9.9 -- | 234 | 7.40 115/84 58 | 4.50 | 43.2 Normai 
5. BO. | | | | | 
6/26 | 94 | -- | 25.3 | 8.12 96/66 | 70 4.75 | 43.0 Headache 
96 | -- | 288 | 8.10 126/92 | 70 4.50 43.0 Normal 
j | | 
6. B.0. | | | | | 
8/2 | 94 | 30 | -- | 828 | 90/62 | 84 6.00 44.0 Headache 
| 9.6 | 2.50 | - 8.36 | 108/80 | 64 4.40 | 41.2 Normal 
CH. | | | 
0/25 |; B42 | 40 ; — 7.94 | 90/70 | 76 — | 45.5 Headache 
7.96 | 125/85 | 96 48.2. Normal 
| | | | 
8. C.A. | | | 
8/20 | 9.8 9.32 120/85 | 80 47.0 Headache’ 
| 9.4 = = 7.80 115/92 | 100 4.70 | 44.0 Normal 
9. L.U | 
5/12 | 89 | -- | 164 | 8.30 120/75 | 106 _- | 48.5 Headache 
8.6 | 164 8.00 118/88 76 46.7 Normal 
10. CAL | | | | | 
4/22 | 10.0 | 25 | 13.6 | 844 | 135/95 m4 | -- | 47.2 Headache 
| 89 | 25 | 129 | 817 | 140/95 | 108 -- | _ 46.0 Normal _ 
Mean | 9.6 | 851 | 110/77 | 87 | 4.62 46.0 Headache 
9.5 | go2 | 119/86 | 82 | 418 | 44.7 Normal _ 


*Sample taken after vomiting. 
hour later. 


DISCUSSION 


While the extensive studies of Graham and Wolff and their colleagues’ 
have indicated that cerebral pain is vascular in origin, they have not explained 
why the cerebral arteries should suddenly start dilating or why ergotamine, 
which acts mainly on the peripheral blood vessels, should decrease the excul- 
sion of the cerebral blood vessels. Our studies indicate that the excursion of 
the cerebral blood vessels may be traced to changes in arterial blood volume 
without compensatory changes in the peripheral vascular tone. 
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TABLE IIT 
MENSTRUAL MIGRAINE HEADACHE 
CA P K PROT. 
MG. PER|MG. PER| MG. PER | GM. PER PULSE 
100 c.c.| 100 c.c.} 100 c.c. | 100 
| 
2/27/35 9.3 = 19.1 | 8.00 94/74 84 42.0 Headache 
9.5 — 19.9 7.70 160/74 76 40.5 Normal 
3/22/39 9.9 3.0 _— 8.00 98/68 92 42.0 Headache 
| 7.90 105/75 S4 41.0 Normal 
3. E.S. 
11/22/38 8.5 2.8 ne 7.85 122/82 68 43.2 Headache 
9.1 a 18.7 7.10 115/76 64 | 43.38 Normal 
| 
4, W. | | 
2/8/39 9.0 0725) 76 | 42.2 Headache 
9.0 | -- | |. 380772 ss | 40.3. Normal 
5. M.S. | | 
12/16/39 9.8 3.8 | ae 8.94 | 120/85 80 | 42.0 Headache 
9.2 44 -- 830 | 114/85 80 | 46.0? Normal 
Mean | 9.3 | a 8.30 | | 42.3 Headache 
9.3 | 7.80 | 42.2 Normal 


TABLE IV 


COMPARISON OF BLOOD FINDINGS—CAFFEINE- WITHDRAWAL HEADACHE AND MIGRAINE HEADACHE 


BEFORE DURING | AFTER 
Serum C. W. H. (17) 9.5 + .4* Ot 4 9.4+.8 
Caleium Migraine (15) 9.5+.6 | 9.4+.4 
Serum C. W.H. (17) | 3.4+.4 
Serum Wok 8.2 + .4f 7.9+.4 8.1+.5 
Proteins Migraine (15) 8.4+.4 
Hemat- OO Wie: 48.2+ 2 46.7+ 2 47.9+ 2 
ocrits Migraine (15) 44,.7+ 2 43.8+ 2 


*Mg. per 100 c.c. + Standard deviation. 

7Gm. per cent + Standard deviation. 
_, The numbers in parentheses represent the number of subjects and patients used in com- 
piling the respective means. The change in serum calcium and phosphorus found in subjects 
with caffeine-withdrawal headaches does not occur in migraine headaches. The blood volume 


en _ judged by the changes in the hematocrits and serum proteins, is opposite in the two 
eadaches, 


In 1927 Loevenhart et al.° postulated that headache could arise from 
changes in volume or pressure of any one of the three fluid or semifluid media 
Within the rigid confines of the skull. They defined these three semifluid media 
as the blood, the brain, and the cerebrospinal fluid. Headache resulting from 
changes in the volume of the brain and cerebrospinal fluid is well known and 
self-explanatory. In order to complete and clarify the discussion, we have 
summarized in Fig. 1 the known hydrodynamie factors which might possibly 
be involved in all types of headache. The pain-sensitive structures within the 
crania! vault, namely, the cranial blood vessels (arteries and veins), the dura, 
the tentorium cerebelli and the falx cerebri, are depicted. The various fluid 
Pressure forces which might cause an increased excursion of the blood vessels 
or an abnormal stretch of the supporting membranes are also represented. 
Since the headache due to changes in cerebrospinal fluid volume and actual 
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brain volume is self-explanatory, the discussion will be limited to the changes 
in effective blood volume and peripheral vascular tone. While known data 
are not available on effective blood volume or cardiae output changes in nitrite 
or histamine headache, it is suspected that since these headaches do not oceur 
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at the time of the hypotension from the drugs, they may be connected with 
the rise in blood pressure following the period of hypotension. If an increase 
in cardiac output occurs during the hypotensive period, the headache could be 
caused by a relative increase in the effective arterial blood volume at a {ime 
when the peripheral blood vessels are constricting. The data on ‘‘caffeine- 
withdrawal’’ headache’ support the theory that this type of headache is accom- 
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panied by a relative increase in the effective blood volume. Conversely, these 
studies have substantiated the hypothesis that headache of the migraine and 
relaxation types is accompanied by a relative diminution in the blood volume. 

Hypertensive patients are known to be frequently afflicted with so-called 
‘tension headache.’’ Experimental subjects in this laboratory have experi- 
enced similar headache with large doses of ephedrine or neosynephrin. It has 
been our experience that severe, persistent, frontal headache (occasionally 
with nausea and vomiting) occurs when normal subjects are given intramuscu- 
lar doses of neosynephrin HCl in excess of 10 milligrams. This is relieved tem- 
porarily by inhalations of amyl nitrite; but complete relief does not oceur 
until the blood pressure returns to normal. This could be accounted for by a 
sudden increase in peripheral vascular tone without an equal diminution in 
effective blood volume and ecardiae output. A portion of the data in this study 
supports the theory that some migraine headaches may be accompanied by a 
marked decrease in peripheral vascular tone, and this is reflected in the semi- 
shocklike level of blood pressure obtained at the time of the headache. 

The treatment of migraine headache should, then, be directed at increasing 
the blood volume or restoring an intense peripheral vascular tone by strong 
smooth muscle stimulants, such as ergotamine tartrate or amphetamine sulfate. 
When this is effectively accomplished, the excessive excursion of the cerebral 
blood vessels subsides with subjective relief. 


SUMMARY 


Data are presented which justify separation from the so-called ‘*common 
headache’’ of two new types, namely, relaxation headache and ‘‘caffeine-with- 
drawal headache.’’ The former is accompanied by a decreased blood volume, 
and the latter may be ascribed to a relative increase in the effective arterial 
blood volume. No consistent blood electrolyte changes occur with relaxation 
or migraine headache. The determination of the serum proteins and hemato- 
crit during and after migraine headache indicates that the migraine syndrome 
is accompanied by a relative hemoconcentration. Many other known factors 
in this syndrome ean be correlated with changes in blood volume and periph- 
eral vascular tone. 
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CHRONIC BRUCELLOSAL TYPE OF ANKYLOSING SPONDYLITIS 
KE. Gouprar, M.D., OKLAHOMA Crry, OKLA. 


URING the past four years routine tests have been done on a number of 

patients with ankylosing spondylitis who came to the office for treatment. 
These tests, in addition to others, consisted of agglutination and opsonic index 
and skin test for brucellosis, bacterial complement fixation test with several 
strains of streptococcus antigens, especially hemolytic, viridans, nonhemolytic, 
and alpha prime Streptococcus viridans; and skin tests with a number of strep- 
tococcus strains, such as the hemolytie, viridans, alpha prime viridans, non- 
hemolytic, and anhemolytie streptococcus types. 

In all there have been eighteen eases of ankylosing spondylitis. Of the 
eighteen patients two were women, indicating the usual ratio observed in an- 
kylosing spondylitis of male to female, approximately 8 to 1. 

Five patients gave quite positive skin, agglutination, and opsonie index 
tests for brucellosis. Rather interesting it was that those who gave strongly posi- 
tive brucellosis tests in general gave essentially negative results on being tested 

: for streptococcal antibodies and by skin test. Each patient had had his symp- 
a toms for quite some period of time. A diagnosis of ankylosing spondylitis was 
. based upon a characteristic history, proper physical findings, and the demonstra- 
tion by x-ray of changes in the vertebral ligaments indicative of ankylosing 
spondylitis, as well as of sacroiliae joint involvement. 

Agelutination tests for brucellosis were carried out by the rapid plate 
method. The opsonic index test was done according to the method as elaborated 
by Huddleson and others; the skin test was carried out by injecting 0.1 c.c. of 
normal salt solution containing 10 million brucella organisms. 

Streptococeal antibody tests were done in each case. It was felt that strepto- 
coceal skin tests should be performed in such a way that there would be no ques- 
tion, when a positive reaction was obtained, that definite hypersensitivity as a 
result of either past or present infection against the streptococcal strains was 
present. One-tenth ¢.c. of normal saline solution containing 10,000 organisms ot 
the streptococci was injected intradermally, and observation of the skin test 
reaction was carried out over a period of at least forty-eight hours to as much 


as seventy-two or ninety-six hours. 

A red cell sedimentation test was done in every case. 

A review of the literature in respect to complications of either acute or 
chronic brucellosis, but especially of chronic or convalescent brucellosis, re- 
vealed some very pertinent findings in the foreign and American literature. 

W. A. Bishop, Jr.,! makes some of the following important observations and 
quotes an extended review of the literature in his article. The result of his 


survey reveals: 


Received for publication, November 16, 1942. 
1J, Bone & Joint Surg. 21: 665, 1939. 
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1. ‘‘Spinal localization is the most common bone and joint complication of 
brucellosis. ”’ 

2. ‘‘Localization may appear during any phase of the disease. Loealiza- 
tion may be independent of a history of previous ailment. Localization as a 
complication is more common in the convalescent period.’’ 

3. He quotes Serio: ‘‘Local recurrence of the brucellosis is probably due 
to a lack of immunization to the organism.’ 

4. ‘‘ Localization occurs most often in the lumbar area.’’ 

5. ‘* Frequent locomotor symptoms of chronic brucellosis are those of 
arthralgia, joint effusion, joint swelling, or a combination of arthralgia, joint 
effusion and joint swelling.’ 

6. **The pathology has usually been described as an epiphysitis. 
of vertebral bodies and/or vertebral dises have been deseribed.’’ 

Bishop also quotes: 


Abscesses 


‘Under pathology Feldman and Olson described in the hog irregular ab- 
scesses in the vertebral bodies and intervertebral dises. They were able to re- 
cover the organisms from ten of these cases. They described 0.5 to 3 em, grayish- 
white, thick, pasty or easeous localized areas and occasionally sequestra. Certain 
lesions presented a crescent-shaped eaplike inflammatory proliferation of oste- 
ogenic tissue bridging the intervertebral space on the ventral surface of the 
affected vertebrae. They concluded that the amount of ossification is variable 
depending on the duration of the lesion.”’ 

Bishop—* Their gross description of these lesions in hogs is compatible with 
the x-ray picture in human eases.”’ 

Bishop also quoted Serio as stating that chroni¢ bony spurs on the anterior 
surface of the vertebral bodies would be noted as a part of the pathology and 
that oceasionally calcification changes in foeal areas would appear in the verte- 
bral bodies instead of decalcification as is seen in tuberculosis. In other words, 
a characteristic zone of sclerosis instead of demineralization may occur at the 
original site of a brucellosis focus. 

sishop— ‘Serio states that these sclerotic changes accompany the infiltrative 
process, which infiltrative process gradually extends and may involve the entire 
vertebral body, and at times various processes of the vertebrae.’’ Bishop also 
quotes: ‘*There is variability of site and extent of lesions of the brucellosal 
complications in the spine. They may be confined to the dise and yet no nar- 
rowing of the dise or only very mild narrowing of the dise may occur. Often 
the vertebral body is normal or it may often be sclerotic or irregular. The origi- 
nal lesion may be masked by concomitant periosteal reaction, such as lipping or 
spurs on the anterior margin of the vertebrae.’’ Bishop also makes specific 
Mention from the literature of the fact that occasionally un anteroposterior view 
of the spine will show the sclerotic processes following the contour of the inter- 
vertebral disc. He also states that in cases in which the condition is more ad- 
vanced constant and characteristic x-ray changes may be present as follows: 
“That all showed a reactive change, increased calcification of the bodies, ecir- 
cumseribed or diffuse, with proliferation of bone spurs across the interspace. 
Occasionally in the more severe cases deformity of vertebral body or involvement 
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of the articular facets will occur. Bony fusion of the bridges between the ad- 
jacent bodies is a common finding.’’ 

Bishop further quotes: ‘‘ Hardy and Simpson, independently of each other, 
reported that one-third of patients with brucellosis had severe arthralgia. 
Strachn, in a thesis on an epidemie of undulant fever reported occurring in 
South Africa in 1911, recorded 268 cases in which joint swelling and effusion 
occurred in 15.3 per cent.’ 

The symptoms of ankylosing spondylitis as a complication to chronic 
brucellosis are those of a case of infectious spondylitis in which pronounced 
rigidity of the spine, either locally or throughout its entire extent, plus either 
local or diffuse muscle spasm, will be present. Rigidity of the spine is especially 
present if the intervertebral articulations are involved. 

The diagnosis of ankylosing spondylitis due to brucellosis must be based 
upon the history of back pain in patients who have had brucellosis in the past, 
in those who have some of the symptoms of chronic brucellosis, or in those who 
give strongly coordinated laboratory and skin test findings indicating the pres- 
ence of either past or present chronic brucellosis. The agglutination and opsoniec 
index tests are very important, especially the agglutination test. Often, as in 
other illnesses, the agglutination test may be negative or only very slightly posi- 
tive, even though the disease process is present in the individual. The skin 
test should always be strongly positive, though cases are reported where a 
long-standing case of chronic brucellosis complication may have a negative skin 
test. The white blood cell count is usually normal or low. The patients may 
or may not have a temperature. The sedimentation rate may be accelerated. 
There should be negative findings for typhoid, if symptoms are acute, and nega- 
tive findings for tuberculosis. 

Of course the recovery of the organism from the lesions is the most impor- 
tant confirmatory finding that could be had. But its attempted recovery from 
chronie cases affords essentially a marked lack of positive results. It is a diffi- 
cult procedure at the very best to recover organisms from a chronie¢ brucellosis 
case. The usual findings that are present in a case of ankylosing spondylitis 
should be present, usually in a male, in the 15-to-45-year age group, with evi- 
dence of involvement of the sacroiliac and apophyseal joints, and the presence 
of calcification of some parts of the spinal ligaments or sacroiliae joints. 

The development of the disease syndrome can be divided into three phases, 
the first phase being that of inexplainable symptoms and known as the pre 
spondylitic phase; the second phase being one in which sacroiliac joint involve- 
ment can be demonstrated; and the third phase that in which definite and 
marked spinal rigidity is noted. The x-ray should be positive during thie see 
ond and third phases. It will be negative during the first phase. 


PATHOLOGY 
Gunnar Edstrom? quotes the pathology of ankylosing spondylitis as )eing 
a chronic synovitis and tendinitis with round cell infiltration, hyperemi:, and 
proliferation of the connecting tissue. These pathologie findings could be noted 
in any instance of an infection, whether such infection be by one or a: other 
known or unknown organism. 


2Acta med. Scandinav. 104: 396, 1940. 
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T. Lloyd Tyson* describes the pathology as ‘‘a primary synovitis of the 
intervertebral joints with subsequent calcification of the ligamentous structures 
and eventual rigidity of the spine.’’ The synovitis of the small intervertebral 
joints may be accompanied by osteoporosis of the vertebral bodies. There is 
present also at all times synovitis of the sacroiliac joints. Synovitis of the costo- 
vertebral joints may be present. Later calcification of the long ligaments, of 
the ligamentum flavum, and the ligaments at the lateral border of the inter- 
vertebral dises will occur. He states that the pelvic and shoulder girdles may 
be affected. He notes especially that the small joints, when they are involved, 
are of a typical rheumatoid arthritis involvement. 
reported, in the instance of two eases, by Goldfain.* 


This observation was also 


Jacques Forestier,’ under the heading ‘‘The Importance of Sacro-Iliae 
Changes in the Early Diagnosis of Ankylosing Spondvylitis,’’ states: ** Atrophie 
arthritis of the joints between the facets of the vertebrae in the inflammatory 
stage is followed by bony ankylosis.’” Later ossification of adjoining ligaments 
(ligamenta flava) and anterior and posterior vertebral ligaments occurs. He 
stresses the importance of noting by x-ray the presence of early changes in the 
sacroiliac joints. His deseription of the x-ray changes in the sacroiliae joints 
would seem to be the description of changes that are often seen in joints having 
rheumatoid arthritis type of pathology; namely, first there appears marginal 
decalcification, later there appear pyknotie formations, and finally in the last 
stage total synostosis. 


TABLE I 


CHRONIC BRUCELLOSIS SPONDYLITIS, ANKYLOSING TYPE 


(female) 


BRU- 
BRUCELLA STREP. 
3RUCELLA ‘ELL! STREP. SED. 
AGG’) SKI} ‘C.F. TEST | [TEST 
TEST 
No. 1, Ankylosing spondylitis |Complete 
C. A. W. (Marie-Striimpell ) 1-200 40% moder-| +4 = aie 
ate 
No. 2, Ankylosing spondylitis +4 Hemo. 8. 
R. E.R. (Marie-Striimpell ) Complete 12% moder- +4 APV S. 1+ | +4 
ate 
1-200 529% mild +4 NH S. 
No. 3, Ankylosing spondylitis |Complete +4 Hemo. 8. 
(Marie-Striimpell ) 1-200 76% marked) +4 [+4 


No. 4, | Ankylosing spondylitis |Marked 1-25] 4% marked aa 
C.B. (Marie-Striimpell) Partial 1-200/20% moder-| +4 - +1 
ate 
68% mild 
No. 5, Ankylosing spondylitis |Marked 1-50} 4% moder- 3 Alpha 
A.B. (Marie-Striimpell ) ate prime 
Partial 1-200}40% mild +4 viridans - +3 


‘J. 


Case 1—C. A. W. 


Was poorly practiced. 


IAB, 
‘Radiology 88: 389, 1939. 


*M. Clin. North America 21: 1755, 1937. 
168, 1941. 
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COMMENT ON CASES QUOTED—TABLE I 


This patient lived in a small Oklahoma town where pasteurization 


There was a lack of other findings except a very small infected tonsil 
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remnant tissue, the removal of which did not help his symptoms. Improvement took place 


on general medical measures and bacterine therapy. 


CasE 2.—R. E. R. The patient’s home was in a small town in the panhandle of Texas, 
where no pasteurization of milk was practiced. In this case +4 tests for three strains of 
streptococci were present; however, the presence of strongly positive agglutination, opsonic 
index, and skin tests for brucellosis, plus long duration of trouble and suggestive positive 
history, justified labeling this case as due to brucellosis. 


This patient did not respond well to bacterine therapy. 


Case 3.—G. G. The history of long continued illness, lasting several years, with episodes 
of fever, residence in a small town in the past, presence of same condition in a brother whom 
I examined but did not treat, plus strongly positive opsonic index, agglutination, and skin 
test for brucellosis justifies listing the patient as brucellosal spondylitis, ankylosing type. 
She responded quite well to bacterine therapy. 


Case 4.—C. B. This patient was living on a farm when his rheumatism began with 
arthralgias. Removal of his tonsils did not help. Loss of weight and weakness were prom- 
inently present. The negative antibody and skin tests for streptococci and strongly positive 
opsonie index and skin tests and moderately positive agglutination tests justify a diagnosis 
of chronic brucellosal spondylitis, ankylosing type. The patient’s response to treatment 
has been only moderately favorable thus far. 


He lived on a farm. 


Case 5.—A. R. S. This patient lived in the panhandle of Texas. 


Milk was not pasteurized or boiled. His sister also had brucellosis. In a period of eighteen 
test had 


months on routine arthritic management and brucella bacterine his sedimentation 
become normal, and patient is free of symptoms. 


CONCLUSIONS 


1. Of eighteen cases of ankylosing spondylitis, five can be listed as being 
caused by chronic brucellosis in this series. 

2. Ankylosing spondylitis is a symptom complex. The cause may be an 
infection which can be either determined, as apparently the five cases quoted 
could be, or nondeterminable in our present stage of knowledge. 


3. Chronie brucellosis, like syphilis or tuberculosis, is protean in its man- 
ifestations. It may reveal itself in different ways. Apparently one of the com- 
plications of chronic brucellosis may be that of a rheumatoid type of arthritis, 
which when limited to the spine presents the symptom complex of ankylosing 
spondylitis. 
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THE SIGNIFICANCE OF THE GROSS CHARACTER OF THE SPUTUM 
IN THE PROGNOSIS OF PNEUMOCOCCIC PNEUMONTA* 


ArTHUR W. FRiscu, M.D., ALvix E. Price, M.D., Gorpon B. Myers, M.D. 
Derrroir, Micu. 


KCENT studies concerning the important role of edema in the severity and 
spread of the pneumonie process in the lungs ® * 1°11 have stimulated 
our interest in the character of the gross sputum in pneumonia. At necropsy 
we noted a widespread, heavily infected zone of inflammatory edema in the 
lungs of patients who had produced large quantities of sputum during life. On 
the other hand, a narrow, well-defined edema zone at the periphery of the ad- 
vancing consolidation was present in patients who raised small amounts of more 
tenacious sputum before death. On the basis of these observations the former 
‘ases were classified as ‘‘wet’’ lungs and the latter were designated as ‘‘dry”’ 
lungs. The characterization of eases as dry or wet lungs was then extended to 
include all pneumonia patients in whom the gross sputum was examined at daily 
intervals during the course of the disease.** In the present study of 651 eases, 
exclusive of Type III,t these findings have been correlated with the number of 
pheumococei per oil immersion field in Wright-stained smears of sputum," * the 
type of pneumococecus, blood culture, leucocyte count, age of the patient, dura- 
tion of the disease, the extent of involvement, and the outcome of the pneumonia. 


*From the Departments of Bacteriology and Internal Medicine, Wayne University College 
of Medicine and Receiving Hospital, Detroit, Michigan. 


Supported by a grant from the Commonwealth Fund to the Michigan Department of 
Health Laboratories. 
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**The following report has been restricted to patients who produced rusty sputum. Satis- 
factory specimens were obtained from 90 per cent of the cases due to Types I through VIII; 
the remaining 10 per cent, who were either uncooperative or unable to produce rusty sputum, 
were excluded from the study. 

; 7The outcome in Type III pneumonia is determined primarily by the amount of capsular 
Polysacciisrides formed in the sputum and lungs.’ 
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METHOD 


On admission to the hospital the patients were requested to cough and ex- 
pectorate into a container. Observations concerning the ease of production and 
the quantity of sputum were made at the bedside. The specimens were then 
taken to the laboratory, examined under a strong light, and portions were re- 
moved for sputum counts in the manner previously described.’ * The classifi- 
eation of patients as wet or dry lungs was usually, but not always, easy. Those 
patients who produced homogeneously rusty, watery to thin gelatinous sputum 
in considerable quantities and with relative ease on coughing were classified as 
wet lungs. Those who, upon vigorous coughing, raised small amounts of viseid 
sputum, which was either homogeneously rusty or mixed with mucoid or muco- 
purulent material, were called dry lungs. In dehydrated patients the final 
classification was deferred until adequate fluids had been administered. In 
borderline cases the consistency of the sputum was the chief factor in determin- 
ing classification. 
RESULTS 


Studies of 678 cases of pneumococcic pneumonia reported in detail else- 
where® have shown that the fatality rate was only 2 per cent when the average 
number of pneumococci per oil immersion field in Wright-stained smears of 
sputum did not exceed 10 (Group A). The fatality was 9 per cent when the 
sputum count ranged between 11 and 30 per field (Group B), 30 per cent when 
31 to 75 organisms were present (Group ©), and 77 per cent when the number 
exceeded 75 per field (Group D). The relation of the gross character of the 
sputum to the microscopie counts and to the outcome of the disease is presented 
in Table I. The fatality rate was 6 per cent for all cases classified as dry lungs 
and 23 per cent for those designated as wet lungs. When the comparison was 
restricted to patients whose sputum counts fell within a similar range, the 
fatality rates for the dry and wet lungs were essentially the same and were pri- 
marily influenced by the number of pneumococci present ; however, only 7 per 
cent of the dry and 41 per cent of the wet lungs had more than 30 pneumococci 
per field in their sputa. The close relationship between the sputum count and 
the character of the pneumonie exudate is further emphasized by a consideration 
of the percentage of total cases within a given sputum group which were classed 
as dry or wet lungs: thus 85 per cent of the cases in Group A were dry and 
15 per cent were designated as wet lungs. Corresponding figures for Group B 
were 45 and 55 per cent; for Group C, 28 and 72 per cent; for Group D 2 and 
98 per cent, respectively. The significance of these data will be discussed. 

In a previous study*® it was also found that type, qualitative bacteremia, 
leucocyte count, and duration of the disease before therapy were relatively un- 
important factors in prognosis when compared with the number of pneumococci 
in the sputum. Since 80 per cent of the patients with more than 30 organisms 
per field were characterized as wet lungs, it seemed important to determine the 
relation between the gross sputum and other prognostic factors. In Talile Il 
the cases have been classified according to the presence or absence of bacteremia. 
Of the total group of 651 patients studied, 59 per cent were dry and 41 pe; cent 
were wet lungs. Among those with negative blood cultures, however, t'¢ in- 
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cidence of dry and wet lungs was 75 per cent and 25 per cent, respectively. 
These figures were reversed in the group with positive blood cultures, where dry 
lungs were found in only 26 per cent and wet lungs in 74 per cent. It would 
appear, then, that blood stream invasion may be dependent upon the formation 


of large amounts of exudate in the edema zone of the lungs. 


RELATION OF DRY AND WET LUNGS TO SPUTUM COUNTS 


TABLE I 


DRY LUNG WET LUNG TOTAL CASES 
wae : CASES DEATHS CASES DEATHS 
SPUTUM GROUP % 
OF y NO. 
NO. NO. To NO. NO. Ke DRY WET 
TOTAL FAT, TOTAL FAT. 

“A 10 or less 262 69 3 1 47 18 2 4 309 | So 15 
B 11-30 92 24 10 11 Pr 41 8 rf 203 45 ao 
C 31-75 27 7 7 30 68 25 21 31 95 | 28 72 
D Over 75 1 0 100 3 16 32 74 4 2 98 

Totals 382 | 100 21 6 | 269 | 100 63 23 651 | 59 41 


TABLE IT 


RELATION OF Dry AND Wet LUNGS TO BACTEREMIA 


NEGATIVE POSITIVE 
BLOOD CULTURE BLOOD CULTURE 
SPUTUM GROUP CASES CASES BLOOD CULTURE 
= J OF sian % OF NO. % % 
TOTAL TOTAL NEGATIVE | POSITIVE 
Dry lung $27 73 By) 26 382 86 14 
Wet lung 112 25, 157 74 269 42 58 
Totals 439 100 212 100 651 | 67 33 
TABLE III 
RELATION OF DRY AND WET LUNGS TO TYPE* 
DRY CASES WET CASES 
TYPE 
NO. YJ OF TOTAL NO. J OF TOTAL 
i 80 54 69 46 
60 48 45 
VII 67 60 45 40 
VIII 45 on 34 43 
Others 130 64 73 36 
Totals 382 59 269 41 


*Type III not 


included, 


The relationship between the gross character of the sputum and the type of 
phewiiococeus responsible for the disease is shown in Table IIL. A breakdown 
of the cases revealed that the percentage of dry and wet lungs in Types I, II, 
VII, and VIII pneumonia did not deviate significantly from the mean of 59 and 
41 per cent, respectively. Thus there was no evidence from this study that the 
formation of large amounts of exudate in the lung is a property peculiar to cer- 
tain types of pneumococci. 


The relationship between leucocyte counts and the gross character of the 


Sputum is presented in Table IV. 


Among the total group of 4838 cases with 
leucocy tosis the incidence of dry and wet lungs was 64 and 36 per cent, re- 
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spectively, as compared with 43 and 57 per cent in the 254 patients with leuco- 
cyte counts below 10,000 per cubie millimeter. These figures reveal that there 
is a definite trend toward leucopenia in wet lung cases, but the differences were 
too small to suggest that a deficit of leucocytes is the chief factor in the formation 
ot the edema zone in the lung. 

The relationship between the gross character of the sputum and the dura- 
tion of the disease on admission to the hospital is shown in Table VV. Only 33 
per cent of the total cases were seen more than 96 hours after the pneumonia 
had developed. The incidence of dry and wet lungs, however, remained approx- 
imately the same irrespective of the duration of the disease. It was coneluded 
from these data that the length of time the patient was ill played little, if any, 
role in the formation of large quantities of exudate in the lung. 


TABLE IV 


AND Wet LuNGs TO LEUCOCYTE COUNT 


RELATION OF Dry 


( ESS THAN 
10,000 AND 5,000 ‘ro 9,999 LESS THAN POTAL, CARER 
OVER 5,000 
LEUCOCYTE 
CASES CASES CASES 
SPUTUM GROUP COUNT 
: NO. N N 
NO. NO. ‘ NO. OVER BELOW 
TOTAL TOTAL TOTAL 10,000 10,000 
Dry lung 311 64 49 42 | 16 | 44 376 83 17 
Wet lung 172 | 36 69 | 58 200 | 261 | 66 | 34 
Totals 483 | 100 118 | 100 360 


TABLE V 


LESS THAN | 48 TO 95 96 To 143 | 144 HouRS| | 
48 HOURS HOURS HOURS AND OVER 
CASES CASES CASES CASES HOURS 
SPUTUM GROUP : 
CG, 
oF Yo or or % OF| NO. 
wo. |% °F! wo. Te NO. UNDER} OVER 
TOTAL TOTAL TOTAL rOTAL og | 93 
Dry lung 24 | 59 | 130 | 59 75 | 60 | 47 | 55 | 376| 68 | 32 
Wet lung 85 4] 89 41 50 40 39 45 263 66 4 
Totals 209 | 100 219 | 100 125 | 100 86 100 639 | 67 | 353 


In a previous study* it was noted that the degree of involvement and the 
age of the patient were factors which significantly influenced the fatality rate 
independent of the sputum count. In the present study, a close correlation was 
observed between the character of the gross sputum and the extent of con- 
solidation. The incidence of wet lungs was only 34 per cent in the cases with 
consolidation confined to one lobe as compared to 64 per cent in those with 
multiple lobe involvement. While the reversal of the percentages was significant 
(Table VI), it was felt that the multiple lobe involvement, like bacteremia, Was 
the result of, rather than the cause of, the outpouring of exudate into the 
bronchi and trachea. In this respect the character and quantity of the exudate 
might have contributed to the higher fatality rate associated with multip|: lobe 


involvement.* 
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extent upon the age of the patient. 


TABLE VI 


AND PNEUMOCOCCIC 


RELATION OF Dry AND WET LUNGS TO INVOLVEMENT 


PNEUMONIA 


An analysis of the gross character of the sputum with reference to age is 
presented in Table VII. The incidence of wet lungs increased from 32 per cent 
in patients below 30 years to 44 per cent in those between 30 and 54 and finally 
to 51 per cent in the older age group. The trend revealed by these figures sug- 
vests that the character and quantity of the pneumonic exudate depend to some 
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| ONE OR LESS MORE THAN ONE aia eanianie 
| LOBES LOBE 
CASES ‘ASES OBES 
% MORE 
TOTAL TOTAL OR LESS 
| ONE 
Dry lung | 325 66 57 36 382 85 15 
Wet lung | 169 34 100 64 269 63 37 
Totals } 494 100 157 100 651 76 24 


TABLE VII 


RELATION OF Dry AND Wet LUNGS TO 


AGE 


OF PATIENT 


AGE 5 TO 29 AGE 30 TO 54 | AGE 55 YEARS didi camel 
YEARS YEARS AND OVER 
SPUTUM GROUP CASES CASES CASES AGE 
9 J G UN- "ER 
OF NO, To OF No To OF NO. UN Jo OVER 
TOTAL TOTAL TOTAL DER 30 30 
Dry lung 124 68 218 56 40 49 382 32 68 
Wet lung 32 169 42 | 269 21 79 
Totals sz | 100 387 100 82 100 651 | 28 72 


DISCUSSION 


The classification of cases according to the 


eross character of the pneu- 


The observations of Loescheke® first drew attention to the significance of the 
edema zone in the transfer of pneumococci from one portion of the lung to an- 
other. His findings were soon corroborated by other workers.® 1° 1 1 
periments of Robertson and Hamburger" were of special interest to us because 


The ex- 


monic sputum is a simple procedure which appears to be of considerable aid 
in prognosis. An overwhelming majority of the patients with dry lungs showed 
less than 80 pneumococci per field (93 per cent), a negative blood culture 
(86 per cent), a favorable leucocyte response (83 per cent), and consolidation 
Which was confined to a single lobe (85 per cent). 
of the pneumonia which could be predicted from the appearance of the gross 
sputum was further substantiated by the fact that 94 per cent of the patients 
recovered irrespective of therapy. On the other hand, 41 per cent of the cases 
Which were designated as wet lungs showed more than 80 pneumococei per field 
in the sputum; 58 per cent had bacteremia; 84 per cent had leucocyte counts 
below 10,000; and 37 per cent had involvement of more than one lobe on ad- 
mission to the hospital. The pneumonia in these patients was more severe as 
shown by the higher fatality rate (23 per cent). As a general rule the clinical 
response to sulfonamides was slower in the cases classed as wet lungs. 


The relatively mild nature 
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of their conelusion that the severity of experimental pneumonia in the dog was 
directly related to the wetness of the lung. They believed that ‘‘metastatic 
lesions oceur only when the primary lesion is sufficiently edematous to permit 
escape of fluid exudate through its main bronchus into that of another lobe or 
lobes, the direction of flow being determined largely by gravity.’’ The bronchi 
of animals severely ill with extensive pneumonia yielded considerable quantities 
of a fluid exudate containing from 5 to 50 billion organisms per eubie centimeter. 
On the other hand, the exudates from animals with well-localized lesions were 
usually viscid and contained relatively few pneumococci. From these observa- 
tions, which were substantiated by our own necropsy findings, it seems likely 
that the amount and gross character of the sputum in human pneumonia reflects 
the state of the lung, copious wet sputum indicating an extensive area of inflam- 
matory edema, a dry sputum indicating a more localized lesion. Sueh a hypothe- 
sis furnishes us with a plausible explanation for the high incidence of bacteremia 
and multiple lobe involvement in patients who have wet lungs, since the pres- 
ence of a large edema zone would permit adequate epportunity for blood stream 
invasion or for metastatic spread to other lobes. It seems to us that the wet 
lung is a more likely cause of bacteremia than the result of the blood stream in- 


ar) 


vasion, as has been suggested by Kempf and Nungester.* 


The question as to why one patient should produce large quantities of rusty 
sputum and another relatively little remains unanswered. While an increase 


~ in the proportion of wet lungs occurred with advancing age and with leucopenia, 
— it was felt that these were accessory rather than primary factors determining the 
Fg character of the pneumonie exudate. The close correlation between the number 


of pneumococci and the nature of the gross sputum may be interpreted in one 
of two ways. It is possible that the outpouring of fluid into the alveoli repre- 
sents an allergic response to the presence of a few pneumococci,’ thus creating an 
environment which facilitates the rapid multiplication of the organisms; how- 
ever, it seems more likely that the amount of exudate is directly proportional to 
the quantity of edema-producing substance elaborated by the large numbers of 
pneumococci present in the lung. This concept is supported by (a) the work 
of Sutliff and Friedemann,'? who demonstrated such an edema-producing sub- 
stance in filtrates of young pneumococcus cultures, and by (b) the studies of 
Hamburger and Robertson,® in which either localized or diffuse edematous le- 
sions were experimentally induced at will by varying the dosage of pneumo- 
cocci. The solution to this problem must await further study. 


SUMMARY 


The gross character of rusty sputum in 651 cases of pneumococei preu- 
monia was correlated with standard prognostic eriteria and the outeome otf the 
disease. As a result of observations made at necropsy, those patients who pro- 
duced small amounts of a viscid rusty sputum were classified as ‘‘dry’’ lungs, 
whereas those who raised large quantities of watery to gelatinous, homogeneously 
rusty sputum were classified as ‘‘wet’’ lungs. The pneumonia in the former 
group was relatively mild, while the disease in the latter group was cons'cer- 
ably more severe, as shown by fatality rates of 6 per cent and 23 per cen', re- 
spectively, as well as by significant differences in the number of pneumovocei 
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in 


the sputum, the extent of consolidation, and the incidence of bacteremia and 


leucopenia. It was concluded that the gross character of the sputum was of 
distinet value in the prognosis of pneumococcie pneumonia. The significance of 
the observations with reference to the pathology of the pulmonary lesions is 
discussed. 


13. 
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CLINICAL CHEMISTRY 


THE COMPARATIVE ACCURACY OF THE CLOSED CIRCUIT BEDSIDE 
METHOD AND THE OPEN CIRCUIT CHAMBER PROCEDURE 
FOR THE DETERMINATION OF BASAL METABOLISM* 


Rosert C. Lewis, Px.D., ALBERTA ILirr, Pu.D., AND ANNA Marte Duvat, Pu.D. 
DENVER, COLO. 


UFFICIENT data have been accumulated by the investigations of the Child 

Research Council at Denver to establish standards of basal metabolism on 
children between the ages of 2 and 16 vears. The first report of this work by 
Lewis, Kinsman and Iliff’ gives the results obtained prior to April, 1986, and 
presents tentative standards for both boys and girls from 2 to 12 years old in- 
elusive. Since the appearance of this publication, the question has been raised 
as to whether these standards may be used when determinations are made with a 
bedside type of apparatus. No report of a comparison of the results obtained 
with a chamber procedure and with a bedside apparatus has been found in the 
literature, although several studies?** have been made on adults both with the 
open circuit and the closed circuit methods but where a mask or a mouthpiece 
and a nose ¢lip have been used in both cases. In the present study determina- 
tions of the basal metabolism of both children and adults made with an open 
circuit chamber procedure have been compared with those obtained with a 
closed cireuit bedside type of apparatus. 

The open cireuit chamber method was that used to establish standards of 
basal metabolism on children of the Child Research Council. The procedure is 
fully described in the publication of Lewis, Kinsman, and Iliff.! It should be 
noted that with this method a 15 per cent protein metabolism has been assumed 
and that the ecalorifie value per standard liter of oxygen, which varies with the 
respiratory quotient found, has been obtained by reference to the chart of 
Michaelis.® 

The closed circuit apparatus employed was a No. M &4 MeKesson Metalolor, 
to which the subject was connected by means of a mask (face inhaler) or witha 
mouthpiece and nose clip. A MeKesson face inhaler, a MeKesson mouthpiece, 
and a Sanborn nose clip were the types of accessories used. The mouthpiece and 
nose clip were used invariably on adults and in about half of the tests on chil- 
dren. Those cases in which the mask (face inhaler) was used on children are 
indicated by an asterisk (*) in Table I. The quantity of oxygen consumed in 
and the Department of Biochemistry, University of 

A preliminary report of this study was made at the meetings of the Colorado-W yoming 
Academy of Science at Golden, Colorado, in November, ' (lliff, Alberta, Anna Marie Duval 


and Robert C. Lewis, J. Colo.-Wyo. Acad. Sci. 3: 56, 194 
Received for publication, December 22, 1942. 
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a given length of time was measured, and a value of 4.825 calories per standard 
liter of oxygen was used to calculate the heat production. In order to determine 
the consumption of oxygen, check tests of four or more minutes in length were 
procured in all cases. If the oxygen consumption showed a deviation of more 
than 4+ per cent from the mean when two determinations were made, at least one 


more test was obtained. For three or four tests to be acceptable, it was required 
that the oxygen consumption in each case fall within 5 or 7 per cent, respec- 
tively, of the mean of all tests. 

Aleohol check determinations were made on both types of apparatus during 
this study. With the chamber method these determinations are made routinely 
about four times a year. The procedure and the results obtained are given in 
other publieations.': © The amounts of oxygen consumed and of carbon dioxide 
produced by the burning of a known quantity of aleohol in the chamber have 
heen found to fall within +2 per cent of the theoretical values. Twenty-nine 
determinations with the closed cireuit apparatus were made during this study 
by means of the aleohol check apparatus of Jones,’ and in these the amount of 
oxygen consumed varied from the theoretical values by —3.1 to +3.0 per cent with 
an average deviation of +0.4 per cent. 


EXPERIMENTAL PROCEDURE 


The experimental procedure followed was to make a determination of basal 
metabolism in the chamber either immediately preceding or immediately follow- 
ing one with the closed cireuit bedside apparatus. Such comparisons were made 
in 65 instances on 36 children (19 boys and 17 girls) between the ages of 2 vears, 
8S months, and 15 years, 3 months, and in 55 instances on 25 adults (8 men and 17 
women). All subjects were in a postabsorptive condition when the tests were 
performed. The children had had a normal amount of sleep and were brought 
from home in an automobile by one of the workers in the metabolism laboratory. 
The adults had had approximately eight hours’ sleep on each of the two nights 
preceding a test and came to the laboratory by automobile. 


In the majority of experiments, a determination was made first with the 
chamber and then with the McKesson Metabolor. After the subject was com- 
fortable and relaxed, the lid of the chamber was closed and, when the pre- 
liminary period (thirty minutes for children and forty-five minutes for adults) 
had elapsed, samples of air were collected for analysis. The lid of the chamber 
was then raised, and while the subject remained quiet the body temperature, the 
pulse rate, and the respiratory rate were taken. The determination with the 
McKesson Metabolor was then made. 


When the bedside method was used first, it was necessary for the subject to 
remain quiet fifteen or twenty minutes longer than when the reverse order was 
followed. Sinee many of the children were inclined to become restless when the ex- 
perimental period was thus prolonged, only four experiments in which the deter- 
Minations with the closed circuit apparatus preceded that with the chamber were 
conducted on children. With adults, 23 experiments were made in this sequence. 
After the subject rested in the chamber for the preliminary period (thirty min- 
utes tor children and forty-five minutes for adults), the consumption of oxygen 
Was tneasured with the McKesson Metabolor. When satisfactory determinations 
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TABLE I 


COMPARATIVE RESULTS OBTAINED FOR THE BASAL METABOLISM OF CHILDREN WITH THE OPEN 
CIRCUIT CHAMBER PROCEDURE AND THE CLOSED CIRCUIT BEDSIDE APPARATUS (MCKESSON ) 


AGE ‘CAL./HR./SQ. M. 
SUBJECT, HEIGHT BY BY DIFFERENCE 
SEX YR. | MO. (KG. ) (cM. ) (sq | CHAMBER | MC KESSON | (PER CENT) 
pla METHOD | METHOD 
7(8) 2 8 13.7 92.8 0.580 47.6 50.7 +65 


82( 3 )t 2 15.2 104.6 0.660 49.6 | 51.6 +4.0 


53( 9 ) 


87( 9) 


| 7 by Sf 110.6 0.785 48.2 48.2 +0.0 


102.: 0.645 45.8 44.9 
104. 0.650 46.9 8.5 +3.4 


67( 9) 
71(@) 


~O.4 
48.5 -1.0 


5 0° 15.8 109.8 0.690 
5 16.1 9 0.720 


7 18.8 106.5 0.735 539 | 51.3 4.8 
| 
| 


97(9) | 5 4 19.8 113.4 0.780 46.8 | 49.5 L5 
| 
| 


37( 9) 0.860 


23. 2 O.895 


46( 9) 5 9 | 205 118.5 0.825 45.1 | 4 


29(4) | 9 | 21, 0.815 55. 
0 | 21.2 115.8 0.825 D3. | 01.9 -2.8 


27( 


0.740 


0.870 


23( 24) 


95( 


0.940 
0.970 


0.940 


93( 2) 
1 27.0 130.3 0.985 45.9 44.1 


22.4 0.910 
23.6 30.6 0.935 45. +1.5 


91( 3) 


1.070 


92( 3 ) 


8 25.6 33.4 0.985 47.0 48.0* +2, 1 


0.925 


) 25.4 29.6 
4 24.7 130.7 0.960 45.2 47.4 
5 33.5 0.980 
81( 2) 0.980 
83( 4): 1.130 41.7 39. 
si 80( 4) 9 22.5 131.2 0.920 3.3 44.3 +2.:5 
73( 9 11 25.6 150.1 0.970 43.1 44,2* +o 
: *In these cases a mask was used; in all other cases a mouthpiece and a nose clip were 
employed. 
yIn these experiments the determination with the McKesson Metabolor preceded the ob- 
servation with the chamber procedure. 
ina- 


tThese children required a preliminary period of training before satisfactory deter: 
tions were obtained. 


SE 
4 | 11 14.6 | 
4 | 
49.0 
6 | 2 | 40.0 
3 21.3 | 117.6 0.830 93.0 | $0.6 
€ 21(9) | 6 1 | 18.8 | 113.8 0.775 45.8 | 46.2* | +09 
| 6 5 | 147 114.2 0.775 45.8 | 47.77 +41 
6 7 226 121.8 0.875 50.8 | 49.8* 
) 
|- | 7 | 16.0 112.7 0.715 48.3 | 50.2 
6} | 16.9 114.3 48.9 | 49.5 +12 
| 
6 | 229 119.7 | 445 | -75 
| | | 
7 25.9 124.6 46.5 | 44.3 | -4.7 
7] 10 | 27.1 126.6 | 46.6 | 469 40.6 
| | | O5 
y 
| | | ch; 
0 
| | we 
5 | 29.7 | 137.1 | | 43.4 | 44.6 | +2.8 
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CAL./HR./SQ. M. 


B( )t 
E(@ ) 


8) 


48( 


12( 3 ) 


34(9) 3 


20( )t 


45.8 


40.1 
46.7 


45. 
46.5 


40. 
42.: 


40. 
40. 
42. 


149.5 


164.2 


— 


740 


15(4)}| 14 0 3.1 
14 3 47.1 
14 
14 5 47.5 
14 47.3 
14 6 47.5 


162.0 
164.4 


158.5 
160.5 


162.8 
165.1 
166.8 
166.7 
166.8 
166.9 


terms 
Thes: 
for 


order 


had been obt 
chamber was 


metho 
from 
from - 


45.6 


45.8 
46.3 


170.7 


168.6 
168.8 


410 
450 


605 
645 


ADS 
O10 
210 


1.510 


1.500 
1.510 


BODY 
SUBJECT, WEIGHT HEIGHT ean BY BY DIFFERENCE 
SEX YR MO. (KG.) (CM.) tee CHAMBER | MC KESSON | (PER CENT) 
METHOD METHOD 
~ 70(@) 10 2 34.6 150.0 1.225 38.5 36.7* -4.7+ 
10 3 34.6 149.1 1.225 384 = 


43.0 41.4* 3.7 
43. 42.7 -0.9 
40,2 40.0 ~0.5+ 
38.7 41.3 46.7 
39.2 39.4 
38.9 40.7 +4.6 


¢losed. 


EXPERIMENTAL RESULTS 
The experimental results show an excellent agreement between the values 
obtained by the bedside method and by the chamber procedure. 
per hour per square meter of body surface found by each of the two methods are 
given in Table I for children and in Table IL for adults. 
the difference between the values obtained by the two methods in each case in 


ained, the bedside apparatus was disconnected and the lid of the 
After allowing a period of fifteen or twenty minutes to 
permit the carbon dioxide in the chamber to reach equilibrium, samples of air 
were collected for analysis. 


The ealories 


These tables also give 


of percentage deviation from the determination made in the chamber. 


ildren, and Fig. 2 for adults). 


deviations are shown graphically in the accompanying histograms (Fig. 1 


The results with the closed cireuit bedside 


' show a deviation from those with the open circuit chamber procedure of 
7.) to +6.7 per cent (mean variation = +0.2 per cent) for children and of 
5.6 to +9.3 per cent (mean variation 
in Which the determinations were made had no effect on the results, for 


+0.1 per cent) for adults. The 


11 2 1.405 40.3 | 42.3% | 15.0 
5 147.1 1.260 44.2 41.9* | -5.2 
] 1 1 143.3 1.370 39.5 29.5 | 
11 Ss 1.375 45.9 48.4* 
9 157.9 1.855 42.6 | 41.7* 24 
12 356 1455 | 1210 37.1 38.2" +3.0 
l4 6 | 159.1 1.340 | 43.0 10.0* : 
9 4 157.5 | 1.380 | 42.7 40.5* 59 
13 | 6 44.7 1 40.9 41.7* 19.0) 
14 | 62.0 | 24.0 35.7% 50 | 
11(9) 4 | | 379 | 27 0.3 
6(Q) 15 0 | | | 33.6 32.9* -2.1 
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CIRCUIT CHAMBER PROCEDURE AND THE CLOSED CirctIT BEDSIDE APPARATUS (McKesson ) 


MEDICINE 


HEIGHT 
(CM. ) 


BODY 


(SQ. M.) 


CAL./HR./SQ. M. 


SURFACE 
CHAMBER 


METHOD 


BY BY 


MC KESSON 
METHOD 


169.5 1.685 


1.685 
1.685 


157.4 1.520 


a0 
72.6 1.775 
1.780 
TSO 


2.000 


179.2 1.955 


950 


83.5 1.880 


178.8 1.900 


170.9 1.670 


670 
169.4 1.690 
1.695 
158.6 40 


166.4 1.565 
1.565 
065 
166.6 1.560 
560 


175.1 


171.0 1.7: 


73 
1.735 


30.4 
30.0 20.6 
30.4 29.9 


28.2 30.8 
29.5 28.2 


29.6 
29.0 51.4 
29.4 28.0 


30.4 


32.2 33 
30 


= = 


jIn these experiments the determination with the McKesson Metabolor preceded the 
observation with the chamber procedure. 
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SUBJECT, AGE WEIGHT = DIFFERENCE 
SEX (YEARS) (KG. ) (PER CENT ) 
HB(@ ) 21 59.6 
59.6 
59.8 
BM(@ ) 21 53.1 31.0 B35 +8.1 
53.1 34.4 33.2 -3.5t 
53.7 | 35.3 33.0 
NM( 2) 22 65.0 33.7 33.1 
65.7 34.3 32.6 5.04 
69.5 33.3 34.9 +4.8 
GM( ) 22 66.2 183.6 1.870 34.7 36.7 15.8 
67.5 1.880 30.9 31.0 t4.4t 
g 67.7 1.885 35.9 36.5 41.7 
FM( 9 ) 22 50.2 167.2 1.555 30.6 30.6 +004 
50.1 1.550 32.4 323 -03 
LP(9 ) 23 61.8 175.6 L755 30.0 28.8 | -4.0 
61.5 1.750 26.7 | 
AJ(@) 23 57.8 160.5 1.600 31.7 31.5 
a 56.9 1.590 30.3 28.9 ~4.6 
RC( 3) 25 73.0 190.3 1.995 32.7 32.1 | 1.8t 
73.4 31.9 B21 40.6 
GD( 2 ) 26 76.6 36.1 36.7 +1.7 
76.4 34.6 33.8 ~3.54 R 
AW(8) 26 67.2 1 35.3 33.3 5.7 
RW( ) 26 72.3 32.9 31.0 | -5.8 
DH( ) 26 57.9 30.0 30.5 +1.7 Si 
57.6 29.5 30.3 +2.74 
AK(@ ) 60.3 29.3 30.8 | 45.1 
60.4 29.6 30.0 | +144 
AMD( ) 27 538 30.1 39.9 19.3 as 
53.1 | 1.530 311 33.4 +7.44 
“ 54.0 1.540 30.5 31.5 $3.3 
LW( ) 27 50.5 163.4 1.530 29.6 -4,8t 
: 50.5 1.530 30.9 29.5 | -4.5 ac 
JR( 27 55.3 159.7 1.565 +9.2 
55.4 1.565 -4.44 pl 
56.4 580 +3.0 
1.5 ev 
EL( ) 27 51.6 +8.334 
51.6 -~4.8 
51.7 | 30.3 -0.54 ov 
29 50.9 43.4 
51.1 9 45.61 
AI(9) 31 61.9 1.755 33.0 31.0 -6.1 
62.7 1.765 31.4 31.6 +0.0t 
VT(9) 31 62.4 | 
62.8 | 3 30.4 


he 
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TABLE II—Conr’p 


CAL./HR./SQ. M. 
SUBJECT, AGE WEIGHT HEIGHT prenpie BY BY DIFFERENCE 
SEX (YEARS ) (KG. ) (CM. ) CHAMBER |MC KESSON |( PER CENT) 
METHOD METHOD 
“MMEF( 9 ) 32 70.1 1.850 34.8 34.4 
1.845 33.2 +0.0t 
| 
CW( 35 68.3 172.8 | 1.810 36.3 36.2 -0.34 
68.3 |} 1.810 35.6 54.4 -3.4 
| 
| | 
TM( 2) 37 | O6.0 167.8 | 1.750 35.5 } -8.4t 
65:2 | L740 54.6 40.6 
| 
GMK(° ) 38 66.2>-. 1. A684 | 755 33.8 30.9 | -8.6+ 
66.6 | 1.760 30.5 | 31.0 | 11.6 
| | | 
KW(¢@ ) 45 74.4 | 157.9 | 1.760 2.6 34.0 $4.5 
| 74.5 | 9.0 35 | 1.4 


it was found that, whichever procedure was followed, the value obtained with 
the bedside apparatus was in some instances higher and in some lower than that 
procured with the chamber method. The tests in which the bedside procedure 
was performed first are indicated by a dagger (+) in Tables I and II. 

The coefficient of correlation of the calories per hour per square meter of 
body surface as determined by the two methods has been ecaleulated by the 

2 xy 

—— — mm, 


formula, r = me. — , where x represents the calories per hour per 


square meter as determined by the e¢ehamber method; y, the calories per hour 
per square meter as determined with the MeKesson Metabolor; n, the number of 
tests; m, the mean; and o, the standard deviation of the calories per hour per 


square meter. The formula, o, = eae has been used to determine the 
standard error of the coefficient of correlation. The value found for the co- 
efficient of correlation of the calories per hour per square meter of body surface 
as determined by the two methods is 0.94 with a standard error of +0.013 for 
children and 0.81 with a standard error of +0.046 for adults. These values show 
an excellent correlation between the two methods both for children and for 
adults. 


Table I shows also that reliable determinations of basal metabolism can be 
procured with a bedside apparatus on children under 8 years of age. This is 
evident, since the results of the determinations with the portable apparatus on 
the sixteen younger children are as satisfactory as are those on the children 
over 8 years old. A preliminary period of training to procure snecessful de- 
terminations was found necessary with three of the children between 2 and 8 
Years, but five of the twenty older children also required a period of training. 
These eight children are indicated by a double dagger (¢) in Table I. Several 
Other investigators, who have used a mask or a mouthpiece and a nose elip, have 
reported satisfactory results on children under eight years old. Gottche* pro- 
cured reliable determinations on four children and Farr’ on seven children be- 
tween 3 and 8 years of age. In the large series of de Bruin!’ there were 196 
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children between the ages of 1 and 8 years on whom successful observations were 
made. Both Farr and de Bruin reported that a preliminary period of training 
was frequently necessary. The results of the present study and of the other 
investigations cited would seem to refute the contention of Talbot, Wilson, and 
Worcester" that children of 7 vears or younger cannot be tested with a portable 


apparatus. 

The fact that satisfactory determinations of basal metabolism on children 
have been obtained both with the chamber procedure and with the bedside ap- 
paratus shows that factors other than the type of apparatus used determine the 
success to be attained when children are studied. Among these factors are those 
inherent in the subject on whom the determinations are being made. <All work- 
ers in the field of energy metabolism realize how essential it is to obtain the co- 
operation of the subject to the end that he will remain quiet throughout the de- 
terminations. They will also agree that it is more difficult to secure cooperation 
from children, and particularly from young children, than from adults. This 
difficulty may be overcome, however, if the persons who conduct the test have 
It is first necessary to win the child's 


experience with children and are patient. 
confidence and then to enlist his help in making the determination a suecess. 


ce When full cooperation is procured in this way, a satisfactory determination of ( 
gs basal metabolism can be obtained. 

3 3 aw 

5 = 5 * 
« 
t 

-5 0 +5 +10 0 «+10 
| Percentace DEeviATION 
Fig. 1.—Frequency distribution of the percentage deviation of the calories per hour per icp 
E square meter obtained on children with the closed circuit bedside method from those found 
with the open circuit chamber procedure. X represents the mean percentage deviation with 10. 
regard to sign. 

Fig. 2.—Frequency distribution of the percentage deviation of the calories per hour per 1] 
square meter obtained on adults with the closed circuit bedside method from those found with : 
the open circuit chamber procedure. X represents the mean percentage deviation with regard 
to sign. 

12, 


Reference has been made in the beginning of this report to the standards 
of basal metabolism established by the investigations of the Child Research 
Council at Denver. These standards which were first published by Lewis, K ins- 
man, and Iliff’ in 19387 have been slightly modified by the inclusion of data ob- 
tained since that time, and may be found with tentative standards for the four- 
teenth, fifteenth, and sixteenth years in a forthcoming article by Lewis, Duval, 
and Illiff.'* From the results of the present study it may be concluded that t/.ese 
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standards for basal metabolism of children are equally reliable whether a closed 
circuit bedside method or a chamber procedure is used. 


SUMMARY 


1. Kither immediately preceding or immediately following a determination 
of basal metabolism with an open circuit chamber method, 65 determinations on 
36 children between the ages of 2 and 16 years and 55 determinations on 25 
adults were made with a closed cireuit bedside apparatus. 

2. An excellent correlation between the results obtained by the two methods 
was found both for children and for adults. 

3. Evidence is presented that, contrary to general belief, reliable determina- 
tions of basal metabolism on children under 8&8 years of age may be procured 
with a bedside type of apparatus. 

4. The importance of obtaining cooperation from children in order to in- 
sure the successful determination of basal metabolism and the means employed 
to accomplish this end are discussed. 


5. The standards for the basal metabolism of children established by the 
Child Research Council of Denver with an open circuit chamber procedure are 
shown to be suitable for use when the determination is made with a portable 
closed circuit apparatus. 
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LABORATORY METHODS 


GENERAL 


BIOPSY OF BONE MARROW PERFORMED BY A NEW AND SIMPLE 
INSTRUMENT* 


Henry TurKEL, M.D., Derrorr, Micu., AND 
FRANK H. M.D., ANN Arbor, MIcH, 


HE examination of marrow usually obtained from the sternum by aspira- 
tion has become an almost universal practice in the diagnosis of hemopoietic 


disorders, disturbances of the retieculo-endothelial system, certain infectious 


diseases, and primary or metastatic neoplasms within the marrow cavity. The 
advantages of the aspiration method lie in the ease in which the test may be 
performed, its relative freedom from discomfort or inconvenience to the patient, 
and the technical similarities between the stained films of aspirated marrow and 
those prepared from circulating blood. On the other hand, the aspirated ma- 
terial may not be representative of the quantitative relationship between cellular 


elements within the marrow; in myelosclerosis, no material may be obtainable; 
and in hypoplastic states, the information gained by aspiration is of uncertain 
significance. Moreover, films prepared from the mixture of marrow and blood 
secured by aspiration permit no conclusions regarding the anatomical relation- 


ship of the marrow elements. 


The limitations of the aspiration method of sternal biopsy have led many 
hematologists to place chief reliance upon the examination of material obtained 
by trephine. A number of instruments have been derived for this purpose and 
that employed by Dameshek' is particularly satisfactory. Nevertheless, the 


minor surgical procedure involved, with incision and resulting sear, has pre- 
cluded the general application of the method for diagnostic purposes. 


It is the object of this communication to deseribe an instrument designed 
to obtain a small specimen of marrow with no more effort and actually less dis- 
comfort to the patient than are involved in the ordinary aspiration procedure. 
This device, with minor modifications, is also adapted to the securing of |iopsy 
material from tumors and soft tissues. This instrument consists of two needles 
with stylets, an outer guiding needle of 14 gauge (A), and an inner trephine 
needle of 17 gauge (B), Fig. 1. 

*From the Thomas Henry Simpson Memorial Institute for Medical Research, 


of Michigan. 
Received for publication, Sept. 4, 1942. 
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The external guiding needle should be 2 to 8 em. in leneth. One end of 
this needle has a sharp beveled point, while the other end has a hollow head 
with a slot into which the projection of the head of the stvlet fits. This arrange- 
ment keeps the point of the needle and the point of the stylet at the same cutting 
angle. The purpose of the guiding needle is to cut (split) through the skin and 
subeutaneous tissue without excising them, and to direct the inner trephine 
needle to the desired position. 


biopsy. 


marrow 


bone 


for 


needle 


Trepnine 


1.- 


Fig. 


The internal or cutting needle, whose diameter is equal to that of the stylet 
of the external needle, is designed to be slipped within the external needle after 
the stylet is removed. The leneth of the two needles may be varied, but the rela- 
tion must be such that the shaft of the internal needle is 5 mm, longer than the 
entire length of the external needle. The tip of the inner needle possesses four 
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saw teeth. The inside surface of the tip is cone-shaped or converging, so that 
the tissue becomes wedged into the needle (like a cork stopper into a flask) 
after being cut, and remains within the needle when the latter is removed. 


_Fig. 2.—Marrow section, physician 57 years of age, suffering with subleucemic myelo- 
blastic leucemia. No diagnostic cells were found in the blood film or aspirated material. 
Subsequently the disease entered a leucemic phase. 


Fig. 3.—Marrow section, female 57 years of age, exhibiting nests of carcinoma cells not 
earcinoma of 


demonstrable by the aspiration technique. The patient was suffering with 


the breast. 


The head of the internal needle is hollow, but without a slot. A standard 
adapter or syringe would fit into the heads of both needles. The stylet has no 
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projection on its head, but its stem is slightly longer than the inner needle, thus 
extending through the tip. This additional length serves to express the biopsy 


Fig. 4.—Marrow section, 44-year-old male, with multiple myeloma. Atypical plasma cells and 
plasmablasts were also seen in the films of aspirated marrow, 


Fig. 5.--Marrow section, female 65 years of age, with subleucemic reticulosis (histiomonocytic 
leucemia). In this case the aspiration films were diagnostic. 


Material out of the inner needle and also protects the cutting tip from injury 
when ‘he inner needle is inserted into the outer needle. 
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TECHNIQUE POR STERNAL TISSUE BIOPSY 
1. Cleanse the skin over the desired site, usually opposite the third rib, with a 


surgical antiseptie solution. 
2. Infiltrate the skin, subeutaneous tissue, and periosteum with a local anes- 


thetic (procaine 1.5 per cent). 
3. Insert outer needle with stylet in place, with the tip of needle in direction 
of the face of patient at an angle of about 45 deerees, through the skin, sub- 


cutaneous tissue, and periosteum, until point just engages the anterior 


lamella of the sternum. 
Remove stylet of the outer needle. 


D. Insert cutting needle with stvlet into outer needle. 


6. Remove stylet of inner needle. 
7. While holding the head of the outer needle with fingers of the left hand, 
turn the head of the cutting needle with fingers of the right hand baekwards 


and forwards through a half cirele, at the same time exerting gentle pres- 


sure. A sudden release of resistance signifies the entrance of the euttine 


tip into the sternal cavity. The cutting action with slight pressure should 


be continued until the needle has entered the sternal cavity for a distance 


of 2 to 3 mm. The needle should then be revolved several times without 


further insertion in order to insure detachment of the plue from the sur- 


rounding marrow. 


9. Remove the inner needle. 


10. Remove the outer needle. 
11. Cover the point of insertion with a collodion dressing. 


12. Insert stylet into the inner needle and push out the biopsy core into a bot- 
tle containing fixative solution. 
It is usually also desirable to prepare films of aspirated marrow and for this s 
: purpose material obtained from the trephine hole is not, as a rule, satisfactory, Q 
because of the admixture of excessive amounts of blood. We have preferred to 
anesthetize a sufficiently large area to permit insertion of an aspiration needle I 
about 1 em. below the point of introduction of the trephine. The additional t 
manipulation causes the patient no further discomfort, and in faet, he is usually P 
not aware that two punctures have been made. ‘ 
For fixation we have employed 100 ¢.¢. of Zenker’s solution with 5 ¢.c¢. of 2 
glacial acetic acid added just before using. After twenty-four hours, no further 
decalcification is required. The specimens are then washed, dehydrated, cleared, 
and imbedded in paraffin in the usual manner. The sections are eut with a 0 
thickness of five microns. The most satisfactory stains whieh we have used are a 
Giemsa-Wolbach? and Kingsley.* 
The procedure has been carried out, in conjunction with aspiration, on one iI 
hundred twelve patients representing a wide variety of hematologic conditions, ir 
and suspected primary or metastatic neoplasms of the marrow. A. detailed si 
analysis of the observations made on these patients, as well as a much larger n 
series in which aspiration alone was done, will be published in a later eommunica- W 
tion. V 
Only rarely is positive diagnostic information obtained by the trephine 3 
method and not by aspiration, but such cases do oceur. (Figs. 2 and 3.) The M 
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accompanying photomicrographs were made with a 2 mm. apochromatie ob- 
jective and 10x compensating ocular. 


SUMMARY 


1. The advantages and limitations of the aspiration method of marrow bi- 
opsy are discussed. 

2. An instrument is deseribed which enables a small specimen of marrow 
to be obtained by trephine without a skin incision. Photomicrographs of marrow 
sections secured by this method are presented. 
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THE NONSPECIFICITY OF THE SERUM-OPACTTY 


CLOSTRIDIUM WELCHTI* 


TEST FOR 


LYLE A. Weep, Pu.D., M.D., AND SHERMAN MINTON, JR., M.D. 
INDIANAPOLIS, INDIANA 


INTRODUCTION 


HERE has long been a need for the rapid identification of Clostridium 
welchii in specimens taken from traumatic cases with symptoms and signs of 


vas gangrene. In time of war this need is much greater and the available lab- 


oratory facilities are usually fewer. It is quite natural therefore in the present 
emergency to attempt to utilize the reaction described by Nagler,’ since it is sup- 
posed to be specific for the Type A toxin of Cl. welchti. Ut is the purpose of 
this communieation to call attention to the error of usine such a test, which in 


reality is entirely nonspecific; because other antisera will prevent the reaction, 
and many common aerobes ordinarily present in contaminated wounds may also 
give a positive reaction. 


HISTORICAL 


In 1989 Nagler’ pointed out that Clostridium welcha grown in a mixture 
of human serum and broth produced opacity in the medium. Usually, but not 
always, a curd was formed which on centrifuging rose to the surface of the fluid, 
while the bacterial cells deposited on the bottom of tle tube left a clear fluid 


intervening, This reaction eculd be entirely prevented by growing the organisms 
ina similar mixture which contained in addition Cl. welchii antitoxin. All 
Stranis of Cl. welchii tested eave the reaction, but all other anaerobes used did 
not. These facts suggested the reaction was specifie for Cl. welchit and that it 
Was probably due to Type A toxin, since all four types (A, B, C, and D of 
Wilsdon’s elassifieation?) gave the reaction. 


trom the Department of Bacteriology and the Research Division, Indiana University 
! Center, Indianapolis, 


Received for publication, August 15, 1942. 
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Recently Hayward* reported the use of this reaction in the rapid identifica- 
tion of Clostridium welchii in clinical material submitted for examination. She 
also tested 174 strains of known non-welchii anaerobes and found that 9 eave 
positive results or 5.1 per cent. She also found considerable variation in the 
amount of inoculum required to obtain a positive reaction when using known 


strains of Cl. welchii, the required number of organisms varying from as low as 
400 to as high as 200,000. 
positive in 16 to 18 hours’ cultivation, she found some strains required as much 


Whereas Nagler originally found the reactions to be 


as three days to produce opacity or coagulation. There is no evidence that she 


tested any of the common aerobes which would likely be present in clinieal ma- 


terial submitted for routine bacteriologic examination. To date we have found 


no literature indicating any one has studied this reaction employing aerobes in 


place of anaerobes except the report by Nagler,’ who used a pseudoanthrax 


organism, 


TABLE I 


PRODUCTION OF SERUM OPACITY BY VARIOUS ORGANISMS AND THE INHIBITION OF THE REACTION 
BY USE OF NONSPECIFIC ANTITOXINS 


ANTISERUM USED 
NONE Cl. welchii Cl. tetani ib. C. diph. 
septique 
Cl. welchii H + 
M + | 
G : + 
3628 t - = 
3630 + + - 
3631 + 
3626 4 4 
3627 + + 
DR 2 + - = + 
7907 : = Be 
Cl. novyt 7658 ~ 
Cl. botulinum 687 + 
Cl. botulinum 6060 % 
Cl. bifermentans 638 | 
Cl. oedematis maligni 461 4 
Proteus vulgaris me 
Escherichia coli 5 + = 
Escherichia coli 105 t + = 
Aerobacter aerogenes + - = = 
Pseudomonas aeruginosa + 
Diphtheroid R 1194 + - m 
Staphylococcus aureus Ss + 
PLR 1 + - 2 a 
a 4 - 
b + + 
R 1216 = 
KH 2 4 = 
KH 3 + 
Staphylococcus albus K 3 - = = 
8 + ~ 
Staphylococcus citreus 4. 
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EXPERIMENTAL 


The technique described by Nagler was followed in detail except where 
other antiserums were used in place of Cl. welchii antitoxin. The tubes were 
incubated eighteen hours in the anaerobic jar. The controls always showed good 
growth and the reactions were definite. 

Table I shows the production of a positive reaction with many aerobes and 
anaerobes other than Cl. welchiit and the inhibition of the reaction with various 
types of antitoxins. It also shows the inability of C7. welehti antitoxin to pre- 
vent the reaction. The data very clearly demonstrate the nonspecificity of the 
reaction. 
CONCLUSION 


The serum opacity reaction for the identification of Cl. welchit may be pre- 
vented by heterologous antitoxins. The reaction is produced by many common 
aerobes and anaerobes and these reactions may likewise be prevented by the use 
of nonspecifie antitoxins. The reaction should not be used for the identification 
of Cl. welchii. 
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DOSING OF POWDERED DRUGS TO SMALL ANIMALS* 


Max STERNE 
TRANSVAAL, SouTH AFRICA 

HAVE noticed in several recent publications that workers use the stomach 

tube for dosing small animals with powders such as sulfapyridine. This is 


neither accurate nor easy, and is risky when animals are weak or ill as a result 
of experimental procedures. 

The instrument described in Fig. 1 costs nothing. With it, small animals 
such as guinea pigs, rabbits, and cats can be dosed safely and expeditiously. 


The end of the barrel of a broken-tipped 1-c.c. tubereulin syringe is cut off 
and vround flat. The outer edge is beveled slightly so as to avoid a cutting 
edge. A light metal sleeve, which can be cut from the guard in which large 
veterinary hypodermic needles are packed, is fitted over the plunger and ad- 
justed so that 14 mm. of the plunger projects when this is pushed home into 


“From the Onderstepoort Laboratories. 
Received for publication, Sept. 10, 1942. 
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the barrel. The sleeve simply acts as a stop. An instrument without the sleeve, 
and with the plunger cut to the proper leneth, is not nearly so handy. The 


making takes about fifteen minutes. 


40——60-—86 == 


Fig. 1.—a, barrel: b, sleeve; c, plunger, 


TABLE I 


WEIGHTS OF TWENTY SUCCESSIVE FILLINGS 


LOO Ma. TO ADMINISTER MG. 


ADMINISTER 


905 | YOR 
100.0 P05.0 
100.0 199.0 
101.0 22.0 
105.0 201.5 
102.5 199.0 
100.0 203.0 
105.5 201.0 
101.5 203.0 
102.; 201.0 


The instrument, which is merely a small balling gun, is filled by withdraw- 
ing the plunger to a mark calibrated for the required dose (one of the origi- 
nal gradations), and dabbineg the end of the barrel into a small container of the 
powder until the powder reaches the end of the plunger. The end of the balling 


gun is pushed over the back of the animal’s tongue, and the load discharged. A 


good degree of accuracy is obtained by this filling method. Table I gives the 
weights of twenty successive fillings for administering 100 and 200 me. doses of 


sulfapyridine to guinea pigs. 
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AN IMPROVED METHOD FOR THE ISOLATION OF 


MANNITOL-FERMENTING SHIGKELLAE* 


OsCAR FELSENFELD,t M.D., MANTENO, 


ghost by the unsatisfactory results encountered with the preserving fluids 
in prevalent use for Shigellae, search was instituted for more adaptable 


media. Among others, the fluid of Banexang and Eliot! was tested for such 
suitability. Although announced over two years ago, this medium apparently 
had not obtained extensive application, and in order to ascertain its effective- 
ness, a test was made with laboratory strains of Shigellae, and with feces in- 
fected, in vitro, with Shigellae. 

The subeultures from Banexane and Eliot’s medium inoculated in this 
manner proved rich in Shigellae for a period of at least four days. Beeause 
sulfa drugs may inhibit the growth of Shigellae, the fluid was tested also for 
its suitability in preserving Shigellae in the feces of persons treated with such 
drugs. The necessity to counteract sulfa drugs presented itself as an urgent 
task. The amount of 5 mg. p-aminobenzoie acid per 100 ¢.c. of the fluid was 
found sufficient to abolish the inhibitory effect on any microbes of sulfanilam- 
ide, sulfathiazole and sulfaguanidine when these drugs were given in the usual 
therapeutic concentrations. The amount of 5 mg. per 100 ¢.¢. was chosen as a 
standard supplement of Bangxang and Eliot’s preservative. P-aminobenzoie 
acid in this concentration does not stop the growth of mannitol-fermenting 
Shigellae. 

It was found that the optimal efficaey of the preserving fluid is guaranteed 
at a pH around & and that dried bile may be substituted for sodium desoxy- 
cholate. Therefore the medium was prepared in the following modification : 

Dissolve 10 Gm. of sodium citrate, 10 Gm. of peptone, 5 Gm. of sodium 
desoxyeholate (or 6 Gm. of dried bile) and 9 Gm. of sodium chloride in 1 L. 
distilled water. Add 3 ¢e¢. of a 1 per cent monosodium phosphate solution, 
neutralize with n/10 sodium hydroxide. Add 0.05 Gm. p-aminobenzoie acid ; 
adjust pH to 8 with sodium hydroxide; tube, or put in containers filling up one- 
third of the glass. Sterilize in flowing steam. 

or the diagnosis of the members of the Shigella group, plating on several 
media is an established routine. A variety of media was plated from the 
Bangxang and Eliot fluid, and the outcome evaluated. 

The new plate of Wilson and Blair was used simultaneously with the plates 
of MacConkey ; Holt, Harris, and Teague; Leifson; Endo; Wilson, Blair, Hajna 
and Perry; and selenite enrichment with consecutive plating on one of Leifson’s 
Plates, in the examination of proctoscopie specimens. 


*i'rom the Bacteriological Laboratory of the Manteno State Hospital, Manteno, II. 
Received for publication, Sept. 19, 1942. 
ylresent address: Chicago State Hospital, Chicago, Il. 


1255 


) 
4 
\ 
| 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Shortly after Wilson and Blair? described their new medium for the cultiva- 
tion of Shigella paradysenteriae, it was praised by Thomas and Hulme? On 
this plate, Shigella paradysenteriae grows in pink or colorless colonies. Strong 
lactose fermenters form a yellow growth. Escherichiae, Aerobacters, Protei, and 
Pseudomonades are said to be retarded. 

It was found that the rosolie acid and the potassium tellurite used in the 
new medium of Wilson and Blair have to be standardized against known strains. 
The pH of the medium must be carefully observed. The alteration of the pH 
by the addition of the iron citrate, rosolie acid, and tellurite must be corrected to 
the final optimum of 7.6 to 7.8. At this pH, not only Flexner strains, but also 
Sonne strains grow on this medium very well. Heavy inocula may be used 
without courting the danger of overgrowth. While some fast growing strains 
of Proteus and Pseudomonas render the interpretation even of such selective 
plates as those of Leifson difficult, Wilson and Blair’s medium is not disturbed 
by spreaders. 

MaecConkey’s medium was prepared with the addition of 0.3 Gm. chloral 
hydrate per liter.t| In this form, the spreading of most Proteus strains is 
checked. Addition of 3 ¢.c. of a 0.4 per cent solution of bromthymol blue per 
liter of medium rendered the medium more legible. 

The media of Holt, Harris, and Teague, Leifson’s desoxycholate plate, and 
Endo’s medium were prepared according to the prescriptions of the American 
Standard Methods.’ Leifson’s desoxycholate-citrate plate was purchased on the 
open market. Endo’s medium was omitted after it failed in 60 per cent of the 
first series of examinations. 

Over eight hundred proctoscopie specimens were examined one to six hours 
after they were taken. Fifty-one specimens harbored Shigella paradysenteriae 
(Flexner). Twenty-two revealed Shigella sonnei, and one contained members of 


both groups. Many positive specimens were taken from the same individual 


over varying time intervals. 

Twenty-five specimens gave a positive result on all four plates (desoxy- 
cholate-citrate, MaeConkey, Wilson-Blair, and Teague). 

Ten specimens were positive on desoxycholate-citrate, MacConkey, and 
Wilson-Blair medium, but negative on Teague. 

Five specimens were positive on desoxycholate-citrate, Wilson-Blair, and 
Teague, but negative on MacConkey. 

Seven specimens were positive on desoxycholate-citrate, MaeConkey, and 
Teague, but negative on Wilson-Blair. 

Two specimens were positive on MacConkey, Wilson-Blair, and Teague, but 
negative on desoxycholate-citrate. 

Two specimens were positive only on desoxycholate-citrate and MacConkey. 

Eight specimens were positive only on desoxycholate-citrate and Wi'son- 
Blair. 

Eight specimens were positive only on MacConkey and Teague. 

Three specimens were positive only on desoxycholate-citrate. 

One specimen was positive only on MacConkey. 

Two specimens were positive only on Wilson-Blair. 

One specimen was positive only on Teague. 
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Summarizing these results, from the seventy-four positive specimens: 


Sixty were positive on the desoxycholate-citrate plate 82 per cent. 
Fifty-eight were positive on MacConkey’s medium 78 per cent. 
Fifty-six were positive on Wilson-Blair’s new plate 70 per cent. 
Forty-eight were positive on Teague’s medium 65 per cent. 

All three forms of colonies (S, R, and G) appeared only on the plate of 
MacConkey, on Leifson’s desoxycholate medium, and to a smaller extent on 
Teague’s plate. The desoxycholate-citrate medium does not permit the growth 
of all forms, an observation made already by Ruys.® Wilson and Blair’s plate 
showed the same characteristics. The advantage of a ‘‘heavier’’ inoculum on 
selective media is therefore equilibrated by the advantage of ‘‘all colony forms 
growing’’ on nonselective plates. 

Bangxang and Eliot’s preserving fluid was effective in our cases when, be- 
tween the taking of the specimen and the plating, some hours had elapsed. 

It should be added that the procedure described revealed not only mannitol- 
fermenting Shigellae, but in two cases, Eberthella typhi, and in two other cases, 
Salmonella suipestifer. 

SUMMARY 


It seems that the only way to obtain a high number of positive results is to 
use several selective and nonselective plates simultaneously. The preserving 
fluid of Bangxang and Eliot is reeommended. Krom the selective media those of 
Leifson, and of Wilson and Blair, from the nonselective plates those of Mae- 
Conkey, and of Teague proved to be satistactory. Wilson and Blair’s new plate 
is not superior to other media. It is easy to prepare, it is selective, and it 
deserves therefore to be added to the series of routine plates. 


I wish to thank Dr. H. J. Shaughnessy, Chief, Division of Laboratories, Department of 
Public Health, Chicago, Ill., and his assistant, Miss F. Friewer, Chief of the Typhoid Section 
of the Central Laboratory of the Department of Public Health, Chicago, Ill, for constant 
advice and helpful suggestions in this work. 
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A METHOD FOR THE DETERMINATION OF STAPHYLOCOCCAL 
ANTITOXIN AND ANTICAPSULAR AGGLUTININ USING 
CAPILLARY BLOOD* 


Joun A. Licuty, Jr., M.D., Curis P. Karsampres, M.D., Rocuesrer, N. Y. 


une a study of staphylococcal antitoxin and anticapsular agglutinin 
in the blood of mothers and their infants, the difficulty of obtaining suf- 
ficiently large samples of venous blood from the infants prompted us to devise 
a method that would require only the small amounts of capillary blood obtain- 
able by heel puncture. The method described herewith has proved to be highly 


satisfactory. 


PREPARATION OF SAMPLE 


Exactly 0.05 ¢.¢. of capillary blood is drawn into a glass pipette previously 
rinsed with a 0.2 per cent solution of potassium oxalate in saline. The blood is 
introduced into a 10 mm. glass tube containing 0.45 ¢.c. of the oxalate solution 
and is shaken vigorously to avoid clotting. After centrifuging for a few min- 
utes, 0.35 ¢.c. of the supernatant can be removed for the two determinations. 


A. DETERMINATION OF ANTITOXIN 


For titration of antitoxin, 0.25 ¢.e. of the supernatant is diluted in series, 
using 10 mm. test tubes containing 0.25 ¢.¢. of physiologic saline (0.85 per cent 
NaCl). To each tube is added 0.25 e@e. of a 1:4 dilution of the staphylo- 
coccal toxin (hemolysin), as used for the routine titration of venous serum 
antitoxin, and the mixture is placed in a water bath at 37° C. for fifteen 
minutes. Finally, 0.5 ¢.c. of a 1 per cent suspension of fresh, thrice-washed 
rabbit erythrocytes is added to each tube, bringing the total volume to 1 ©. 
The tubes are again placed in the water bath at 37° C. for an hour and then left 
in an icebox at 4° C. overnight. The following day the test mixtures are kept 
at room temperature for ten minutes before the presence of hemolysis is ob- 
served by gently rotating each tube in the rack. The hemoglobin always rises 
from the bottom of the tube before the unhemolyzed cells. In a dilution series 
the last tube showing no hemolysis represents the end point. 

For each group of microdeterminations two controls were always used: 
(1) titration of a standard staphylococcal antitoxin by the routine method; 
(2) simultaneous titration of one subject’s antitoxin by the routine, venous 
serum method and the micromethod. The standard antitoxin, a commercial 
preparation obtained from The Lederle Company, Pearl River, N. Y., was ad- 
justed by dilution with saline so that 1 ¢.¢. contained exactly one internat ional 
unit of staphylococeal antitoxin. This preparation was stored in a sealed flask 
at 4° C. For the routine titration of antitoxin in venous serum, the method ot 


*From the Departments of Pediatrics and Bacteriology, University of Rochester School 
of Medicine and Dentistry and Strong Memorial and Rochester Municipal Hospitals. 
Received for publication, September 24, 1942. 
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LICHTY AND 


KATSAMPES : 


STAPHYLOCOCCAL 


ANTITOXIN 1259 


AND AGGLUTININ 


Parish et al." was used. The staphylococeal toxin was prepared in a manner 


similar to that of Dolman. Complete details of these two procedures are pre- 


sented elsewhere.® 

A sample group of titrations is shown in Table I. By including the titra- 
tion of a standard antitoxin, the use of any convenient strength (X) of toxin 
is possible, and the antitoxie titer of venous serum for Subject A ean readily 
be expressed as international units. The 1:4 (X/4) dilution of toxin used in 
the micromethod was obtained empirically so that the end point for this method 
would be at the same tube as that for the routine method. For Subject A the 
end point for both methods is at Tube 4. It must be emphasized that the actual 
amount of serum in each dilution tube of the micromethod is not the same as 
that for the corresponding tube of the routine method. 


If one can standardize 
the micromethod so that the values obtained by it give a constant ratio with 
those of the routine method, however, the amount of antitoxin present in the 
sample of eapillary blood can be expressed in terms of international units per 
ec, of serum. This is indicated in Table TL by the values in parentheses. 


TABLE I] 


SAMPLE TITRATION OF STAPITYLOCOCCAL ANTITOXIN BY ROUTINE AND MICRO-METIZODS 


INTERNATIONAL 


STRENGTIL 


SPECIMENS TESTED METITOD 9 2 a ee UNITS OF ANTI- OF TOXIN 
| | TOXIN/C.C. SERUM USED 
Standard antitoxin (1 int. Routine |O O O O O H HH 1.07 X 
unit /e.c, ) (known) 
Venous serum of Subject A | Routine |O O O O H H H H 0.5 xX 
Capillary blood of A | Micro H H (0.5) X/4 
Capillary blood of B | Micro | (1.0) X/4 
Capillary blood of Micro |O OH HH HH H (0.13) X/4 
Capillary blood of D Micro (2.0) X /4 
HH Hemolysis of rabbit R.B.C. 
1.) No hemolysis of rabbit R.B.C. 
xX Any convenient, freshly prepared dilution of the concentrated staphylococcal toxin. 


explained in text. 


The simultaneous determination of antitoxin by both methods in a group 
of twenty-six subjects indicates that the micromethod is well standardized and 
reliable. The results are compared in Table I. 


In twenty-two of the twenty- 
eight sets of simultaneous determinations, the end point by the two methods 
Was exactly the same, and in four more the difference was only a single tube. 
This is within the probable error of any duplicate neutralization titration. Poor 
agreement of the two methods was obtained in only two instances. 


One seems 
justified, therefore, in concluding that the method of measuring staphylococeal 
antitoxin by using capillary blood will yield results comparable to those of 
the routine method requiring venous blood in most instances. 


B. DETERMINATION OF STAPHYLOCOCCAL ANTICAPSULAR AGGLUTININ 


The agglutination tests carried out in the present study followed essentially 
the method deseribed by Lyons.t A hemolytic toxin-producing Staphylococcus 
dureus isolated from a case of acute osteomyelitis was used. 

. A shallow layer of Douglas’s broth containing 0.05 per cent of glucose was 
moculated with 0.1 ¢.c. of a twelve-hour culture of the organism for each 5 ee. 


. 
| 
| 
: 
ol 


1260 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


of broth. After three hours’ growth at 37° C., the eulture was killed by slowly 
heating to 100° C., centrifuged and resuspended in saline to 1/20 of its original 


volume. This suspension was used in the agglutination. 

or agglutinin titration 0.1 ¢.¢. of the clear supernatant from the capillary 
blood sample was diluted with 0.7 ¢«. of saline. Further dilutions were made 
in series by transferring 0.4 ¢.¢. of the preceding dilution to 0.4 ¢.¢. of saline in 


the next tube. 


TABLE II 


SIMULTANEOUS DETERMINATION OF STAPHYLOCOCCAL ANTITOXIN BY ROUTINE METHOD AND 
MICROMETHOD 


END-POINT. OF 


END-POINT OF 


ERROR 


SUBJECT 
ROUTINE METHOD MICROMETHOD 
Tube No. ‘Tube No. 
G 7 0 
4 4 0 
Be 5 5 0) 
W 0 
de P 7 
Do 7 7 0 
H 4 +1 tube 
Ba 2 2 
Da 3 4 +l tube 
Li 5 
(duplicate determination ) 3D 


tubes 


tube 


tubes 


tube 


Mor 
Ba 
An 6 0 


*These tests were performed with toxin which was six months old and it was necessary 
to allow the tubes to stand at room temperature for one to two hours after removing them 
from the iccbox before satisfactory hemolysis could be observed in the micromethod, 


One drop of the suspension of staphylococei was mixed with a looptul of 


the serum dilution on a clear glass slide. A control test of the organisms and 
saline was always made on the same slide. The test mixtures were gently rotated 
for five minutes and then read. The photographie charts of Pauli and Coburn’ 


served as standards for reading the degree of agglutination. 
The accuracy of the method using capillary blood in the titration of the 


anticapsular agglutinin was determined by the simultaneous assay of venous 
blood serum and eapillary blood. The results of seventeen parallel determina- 
tions (Table IIT) showed exact agreement in eleven cases (65 per cent). In the 
remaining six cases (35 per cent), the variation was less than one serum dilt- 


tion interval. 
The values used for the micromethod in Table IIT are based on the ass'imp- 
tion that the supernatant of the centrifuged capillary blood represents a 1:10 


Li 5 0 
5 5 0 
Mo ] 0 
Lia 2 2 0 
Ma 3 +2 
Mi > 0 
] l 2 +] 
O 4 3 0 | 
A 2 2 
Ho 9 9 0 ' 
Oc 3 0 
Ca 4 4* 0) 
- - 
Za 5* 0 { 
t 
Si 
b 
i, 
» 
3, 
4. 
v0. 


4. Lyons, C.: 
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TABLE III 
THE SIMULTANEOUS DETERMINATION OF STAPHYLOCOCCAL ANTICAPSULAR AGGLUTININ 


SUBJECT COMPLETE PARTIAL 
AGGLUTINATION AGGLUTINATION | AGGLUTINATION AGGLUTINATION 
C. P. K. 640 1280 640 1280 
O. 640 = 320 640 
C. 640 1280 640 1280 
Z. 640 1280 640 1280 
J. A. L. 1280 : 640 1280 
640 1280 320 640 
W. L. B. 640 640 
A. 640 1280 640 1280) 
640 640 1280 
1280 640 1280 
W. 640 640 
A. 640 640 
B. 160 320 160 - 
Me 320 640 320 640 
s. 320 640 320 640 
D. | 160 320 320 - 
Complete agglutination 4+ 


Partial agglutination 1 to 3+ 
No agglutination 


dilution of the capillary serum. This dilution is probably not 1:10, but ranges 
from 1:10 to 1:20, depending on the hematocrit value of the capillary bloed. 
The results for the venous and capillary sera in Table IL, however, agree more 
closely if the original dilution of the capillary serum is assumed to be 1:10 
rather than 1:20. We have no definite explanation for this finding, but it may 
be due to a greater concentration of agglutinin in capillary as compared with 
venous serum, This notion is supported by the results obtained by calculating 
the ratio of staphylococeal toxin to antitoxin in the micromethod on the basis of 
that observed for the routine (venous serum) method. If this be done, one finds 
that capillary serum actually neutralizes from 21 to 5 times the expected 
amount of toxin, depending on the dilution of the serum (from 1:10 to 1:20) in 
the sample of capillary blood. Thus, the staphylococcal antitoxin likewise ap- 
pears to be more concentrated in capillary than in venous serum, 
CONCLUSIONS 
A method is deseribed for the simultaneous titration of staphylocoeeal anti- 
toxin and antieapsular agglutinin using 0.05 ¢.¢. of capillary blood. A compari- 
son of this method with the standard procedure for the titration of each anti- 
body in venous serum shows an agreement satisfactory for serologic methods. 
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CHEMICAL 


THE DETERMINATION OF THEAMIN IN BLOOD* 


THeEopore RIEDEMANN, Pu.D., THappreus B.S., 
CuHicaco, ILA. 


T IS now generally agreed that the determination of thiamin in blood and 


urine is a valuable aid in the diagnosis of thiamin deficiency. Fairly accurate 
chemical methods have been deseribed for the determination of thiamin in urine, 
It has been shown that the daily exeretion of the vitamin by the kidney is related 


to the intake and absorption of dietary thiamin and that the determination is 
of considerable value, provided the subject continues his customary diet during 


the 24-hour period of urine collection." ? On the other hand, because of technical 


difficulties, chemical methods have not been successfully applied to blood. The 


most reliable results have been obtained by means of the cocarboxylase methods 
of Ochoa and Peters*® and Goodhart and Sinelair® * © and the veast fermentation 
4 method of Schultz, Atkin, and Frey.).* The first is specifie for diphospho- 


thiamin, or cocarboxyvlase; the second is not. Both are subject to many varia- 


tions, and the techniques must therefore be carefully controlled. The fermenta- 
tion method can be expected to vield higher results, since it determines the total 


thiamin content. The difference should be slight, however, because blood contains 


very little free thiamin. By using these procedures, Goodhart has shown that 
the whole blood of human subjects contains from 3 to 9 micrograms of total 
thiamin per 100 ec.) Thus, by means of the cocarboxylase method, this author 
found from 2.9 to 9.4, with an average of 5.4 micrograms per 160 ¢.¢. in the blood 


of 50 children varying in age from 4+ to 15 vears.° The blood of 26 healthy adults 


contained from 3.2 to 8.7, with an average of 5.0 micrograms per 100 ¢.¢.4 When 


the fermentation method was used, the blood of 45 normal subjects contained 
from 3.1 to 9.2, with an average of 5.89 micrograms.* Our experience, in agree- 


ment with that of others, has shown that the total thiamin content of blood does 
not fluctuate as widely as the urinary excretion: it is not as rapidly affected by 


the dietary intake of thiamin. Yet a very definite correlation is noted between 
the concentration of total thiamin in the blood and the incidence of deficiency 


symptoms. Since a high percentage of subjects with polyneuropathy have blood 


values below 3 micrograms per 100 ¢.¢., Goodhart has suggested that a concen- 


tration below this level indicates a state of deficiency. 
The chemieal procedure deseribed by us, besides having improvements it 


technique, embodies many of the features described in the numerous modifica! ions 
of the Jansen thiochrome The principal difficulty in the analysis 


*From the Department of Physiology of the Northwestern University Medical Scho ind 
Passavant Memorial Hospital, Chicago. 

This investigation was supported by a grant from the Abbott Fund of Northw: ster 
University. 
Received for publication, December 31, 1942. 
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of blood is in the precipitation of the large amount of soluble protein. This is 
readily accomplished by means of metaphosphorie acid, which always yields 


solutions which rapidly pass through the zeolite adsorbent and allow an excellent 
recovery of added thiamin. With a similar method, using trichloroacetic acid, 
Hennessy and Cerecedo' found from 9 to 12 micrograms per 100 ¢.c, of thiamin 


in blood. Our results, obtained by the analysis of 75 samples from 86 subjects, 
varied from 38.0 to 11.2, with an average of 5.70 micrograms per 100 ce. Our 
data, therefore, agree substantially with those of Goodhart. 


PROCEDURE 


Reagents 


Approsimately N HCl and M NallCoO, Solutions 

Metaphosphoric Acid.—A 10 per cent solution is prepared at frequent in- 
tervals, preferably each day. Since the acid deteriorates rapidly at room tem- 
perature, it should be dissolved in cold water in the refrigerator and the solution 
kept there when not in use. 


Phosphatase—A 10 per cent solution of taka diastase’® or clarase!’ is pre- 


pared each day. Only the clear supernatant solution or filtrate is used. 

Ton Exchange Adsorbents.—Artificial zeolites, sueh as Decalso,*'® Per- 
mutit,*!* or Crystallitet may be used. We prefer a mixture of equal parts of 
zeolites of 80- to 50-mesh and 50- to SO-mesh size. Columns prepared from such 
a mixture are not readily clogged with colloidal material and solid particles which 
sometimes are present in the final solution. One kilo of zeolite is covered and 
thoroughly mixed with 3 to 4 changes of an acidified (2 ¢.c¢. of concentrated 
HC] per liter) 25 per cent solution of NaCl. If ordinary table salt is used, the 
solution should be filtered before the addition of the aeid. The supernatant 
solution is removed by decantation each time. The zeolite is then washed 5 or 
more times by decantation with acidified distilled water (1 ¢.¢. of glacial acetic 
acid per liter). This washing removes the finer material as well as the excess of 
salt. The preparation is then transferred to a large Buchner funnel, is well 
washed with distilled water, and finally dried at room temperature in a shallow 
pan. In order to have the material in its maximum expanded state, a small 
portion is kept moistened in a widemouthed bottle. 

NaCl Solution.—Kaeh liter contains 250 Gm. of C.P. NaCl and 2 e.¢. of con- 
centrated HCl. Solutions prepared from table salt contain materials whieh 
slightly reduce the yield of thioechrome from thiamin. If table salt is used, the 
solution should be filtered before acidification with HC. 

Oridizing Reagent.’' mixture consisting of 9 parts of 10 NaOH 
and 1 part of a 1 per cent solution of K,Me(CN), is freshly prepared each day. 


/so-butyl fluorescence without oxidation should be not 
greater than that of distilled water. Higher fluoresecing batches may be used in 
the analysis of urine, but they should never be used in the analysis of blood. 
Shou'd the aleohol contain much fluorescing material, it is acidified with con- 


This is obtained from the Permutit Company, New York City, New York. 

‘Crystallite, when prepared with the recommended very acid salt solution, does not adsorb 
the Viamin as well as Decalso. It may be obtained from the International Filter Company, 
325 W\. 25th Place, Chicago, Illinois. 
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centrated HCl, dehydrated with Na,SO,, and redistilled. Butyl aleohol may 
also be used.'® 

The used aleohol is poured into a bottle which contains an excess of HCI. 
The acidified aleohol is distilled. Much water separates from the fraction which 
distills up to 100° C. All fractions contain water, which is removed with 
anhydrous Na,SO, before redistillation. Caleium oxide is not used because 
traces of alkali in the distillate catalyze the formation of fluorescing substances. 

Quinine Sulfate Standard2’—One hundred mg. of quinine sulfate, U.S.P., 
are transferred to a volumetric flask of 1 liter capacity. One hundred ¢.c. of ap- 
proximately V H,SO, are added to about 800 ¢.¢, of solution and the volume is 
brought to the mark. The intermediate standard is prepared by diluting 25 ¢.c. 
of the stock standard to 100 ¢.e. with water and enough V H.SO, to bring the 
final acidity to 0.1 .N. The solutions are stable for at least one year if kept in the 
refrigerator in an amber-colored bottle. To prepare the working standard, 
exactly 5 «ce. of intermediate standard are diluted to 500 ec. with water and 
HLSO, as before. The solution should be prepared frequently. It should be 
protected from light and stored in the vefrigerator. The fluorescence of 10 ¢.c. 
of this solution in a cuvette is approximately the same as that given by 10 c.c. 
of extract obtained after oxidation of 1 microgram of thiamin to thiochrome. 

Thiamin Standard Uxactly 50 me. of anhydrous thiamin hydrochloride 
(dried several weeks over H.SO,) are dissolved in a 25 per cent solution of ethy! 
alcohol in approximately 0.0L NV HCL When brought to a volume of 500 ¢.c. 
with this solution, each ¢.¢. contains 100 micrograms. This stoek solution, if kept 
cold, is stable for at least six months. To prepare the intermediate standard, 25 
c.c. of the stock solution are pipetted into a 250 ec. volumetric flask which con- 
tains 100 ¢.c¢. of water and 25 ¢.e. of 0.1 N HCl The volume is then brought to 
the mark. The working siandard is prepared when needed by diluting 5 ¢.c, of 
the intermediate standard to a volume of 250 ¢.c. with 0.01 N HCL Five cc. 
contain 1 microgram of thiamin. 


ANALYSIS OF WHOLE BLOOD 


Collection of Sample.—Blood is collected with a syringe and prevented from 
clotting with a minimum of oxalate. Jf is then stored in the refrigerator and 
the analysis is made within a few hours of collection. These precautions are 
necessary, since the thiamin content changes gradually even on storage of the 
sample in the cold. 

Digestion With Phosphatase.—Vive ee. of blood are mixed with 25 ¢.c. of 
water in a large heavy-walled test tube such as is used in the determination ot 
nonprotein nitrogen, Two e¢.c. of N HCl are added, and the contents are mixed 
by means of a long thin footed glass rod.* The mixture is heated ten minutes 
with frequent stirring in a boiling water bath. It is then cooled, after which 1 
drop of ecaprylic aleohol and 2 of M NallCO, solution are added. The latter 
should be run in slowly and with stirring. This volume of solution is sufficient 
to bring the reaction to pH 4.5 to 5.5.) 2 «ee. of phosphatase solution is now 


*\ J-shaped rod, with a round bend fitting the bottom of the tube is recommended, With 
such a rod the contents of the tube can be violently agitared by rolling the rod back and forth 
between the thumb and index finger. The rod should remain in the tube until the protein have 
been precipitated. 
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added. The tube is kept 1 to 1.5 hours in a water bath at 40 to 45° C. during 
which time the contents are frequently mixed by stirring.* 

Identical results are obtained with the following slightly modified proce- 
dure: 0.5 ee. of N HCL is added to the laked blood, which is followed by incuba- 
tion with 0.2 to 0.25 Gm. of phosphatase for one hour, The mixture is then 
further acidified with 1.5 «ce. of N HCL, after which it is heated ten minutes ina 
boiling water bath with frequent stirring, and then cooled. 

A blank is prepared by adding the same reagents in the order indicated. 
If the alternate procedure is used, the phosphatase and 1 drop of N ILCl are 
added to 25 ec. of water. The mixture is incubated at 40 to 45° C. This blank, 
rather than the salt blank, is necessary to correct for the small amount of thiamin 
present in the phosphatase. 

Precipitation of Proteins.—Ten e.c. of HPO, solution are next added. The 
volume is adjusted to the 50 ee. mark and the contents are well mixed. The 
mixture is centrifugated fifteen minutes. The precipitate may contain some 
adsorbed thiamin whieh may be recovered by re-extraction. It is therefore 
emulsified with 2.5 «e¢. of HPO, solution and the volume is again brought to 50 

Adsorption and Elution.—The necessary adsorption columns are prepared 
some time before the analysis and kept in a beaker of water until ready for use. 
A plug of glass wool (Pyrex No. 719) is pushed to the bottom of the Hennessy 
tube ;+ the tube is filled with water, and small quantities of moist zeolite are added 
until an excess, forming a layer several mm. deep, is present in the bell above the 
column. The adsorbent is more uniformly packed when floated into place in 
this manner. The excess of zeolite in the bell prevents clogging of the column 
by solid or colloidal material. Furthermore, it prevents access of air into the 
column, provided the drained column is not jarred. Just before use, water is 
drawn from the beaker upward through the column into the bell. The column is 
then placed in the rackt and allowed to drain. This assures a rapidly draining 
column which is free from air. 

srom phenol blue indicator is now added to the combined extraets contained 
ina 150 ee, extraction flask, and the reaction is adjusted to 3.0 to 3.5 by means 
of V NaOH (or M NalICO.).) The extract is then passed through the column. 
After passage of all of the extract, the flask is rinsed with several successive por- 
tions of about 5 ¢.e. each of distilled water, and the washings are sent through 
the column. The fluid is allowed to drain completely after each of the washings. 
Small portions of acidified 25 per cent NaCl solution are now added until exactly 
25 ¢.«, of eluate have been collected in a calibrated test tube such as is used in the 
determination of nonprotein nitrogen. 


*More or less acid, and correspondingly more or less bicarbonate solution, are necessary 
When tissues, feces, foods, or other materials are analyzed. The volume of acid and the length 
of heating in the water bath are different for each class of substance. In every case, the optimum 
conditions for maximum yield and recovery of added thiamin must be determined. When 
this is done, the procedure given by us can be applied generally to all materials. In the case 
of substances rich in thiamin, the contents of the tube are transferred after the digestion to 
@ 250 ©.c. volumetric flask; 15 ¢.c. of HP03 solution are added, and a suitable aliquot is analyzed 
as described below. 

: **The tube of Hennessy with the long (125mm.) stem is preferred to others which are now 
being old. With the coarser mixture of zeolite recommended by us, more uniform results are 
obtained when the longer stemmed columns are used, 

*The rack consists of a 2” x 2” board which is mounted approximately 10 inches above the 
table. Holes 33” in diameter are spaced 4 inches apart. 
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Melnick and Field, Hennessy and Cerecedo, and others recommend that the 
solution be heated and then passed through the column; the elution is carried out 
with hot 25 per cent solution of KCl. Heat is not necessary when a rapidly 


draining column, prepared as deseribed by us, is used. The adsorption of thiamin 
is equally complete from hot or cold solutions, and the vitamin is recovered just 
as well with cold 25 per cent solution of NaCl. 

The removal of ions by zeolites is most efficient at neutral or slightly alkaline 
reaction.*" At this reaction the recovery of thiamin may be smaller than at pH 
3, however, especially if the solution is heated. This is due perhaps to the sensi- 
tivity of the vitamin to alkali. For this reason the neutralization with strong 
NaOH must be carried out earefully. 

Oxidation to Thiochrome.—Two aliquots of 10 ¢.c, each of the eluate are 
transferred te Hennessy reaction vessels of 50 ¢.c. capacity. Five ¢.c. of oxida- 
tion mixture are rapidly added, with mixing of the contents. This is followed 
immediately with 13 ¢.e. of iso-butyl alcohol. The contents are then shaken 
ninety seconds. Four oxidations are carried out in rapid succession. After 
centrifugation for a few minutes at low speed, the lower layer is drawn off, and 3 
to 4 small scoopfuls (about 0.2 Gm. each) of anhydrous sodium sulfate are added. 
The solvent must not be shaken with the salt, as this may produce an emulsion. 
When added in this manner, the first scoopful of sulfate entraps the remaining 
solution at the bottom of the vessel. This is covered by successive layers of less 
hydrated sulfate which can then remove the water more effectively from thie 

< alcoholic phase. The extract becomes crystal-clear on standing one-half minute 
or so. If not clear, the mixture is very gently rotated, and 1 or 2 scoopfuls of 
the sulfate are added and the mixture is again centrifuged for one minute. 
Without further waiting, the fluorescence is then determined. 

The blank is oxidized and extracted in a similar manner. 

The thiamin content is obtained from a calibration curve representing the 
increase of fluorescence after the addition of 0.2, 0.4, 0.6, 0.8, or 1.0 microgram 
of thiamin to blood samples whieh have been analyzed by the procedure. 

It will be noted that the oxidation is carried out at a considerably higher 
alkalinity than that used by previous workers, although a trend toward the use 
of larger quantities of alkali is noted in recent papers." 2? More consistent 
results are obtained at this high alkalinity, due perhaps to the greater ionic 
concentration which favors the extraction of thiochrome by iso-buty] alcohol. 


EXPERIMENTAL 


Results of analysis of blood taken from 7 wemen and 29 men, a_ total 
of 36 subjects, are shown in Table I. The samples were collected from 10 
to 12 in the morning and from 2 to 5 o’¢lock in the afternoon. They were tlius 
taken from two to five hours aftera meal. None of the samples were taken under 
basal conditions. These conditions were chosen because they were most con- 
venient to the majority of subjects. They represent also the conditions wider 
which blood is most conveniently taken from large groups of subjects in a nutri- 
tional study. In the order of numbers, the subjects consisted of research workers, 
students, internes, physicians, and janitors. None had received any vitamin 
preparations within the preceding month. All were in apparent good hea!th, 
and all were receiving adequate diets. The blood of the women contained ‘vom 
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3.0 to 9.2, and that of the men from 3.8 to 11.2 micrograms per 100 ¢.c. The 
arithmetic mean of the results from the women was 5.60, and from the men, 
5.73 micrograms per 100 ¢.c. The mean of all of the determinations was 5.70 
micrograms per 100 e.e. 

TABLE I 


THIAMIN CONTENT OF WHOLE BLOOD oF HUMAN SUBJECTS 


WOMEN 


7 Subjects 7 29 
Determinations 18 57 
Range, micrograms per 100 ¢.e. 3.0 to 9.2 3.8 to 11.2 
Arithmetie mean, micrograms per 100 ee. 5.60 3.73 


Diet can affect the thiamin content of the blood. The level is fairly stable on 
a constant diet. Thus, the blood of subject B. J. contained 6.1 micrograms per 
100 ¢.c. at the beginning of an experiment in which the subject received a high 
calorie diet which contained from 1500 to 1900 micrograms of thiamin per day. 
The thiamin levels, determined every other day during the second and third 
weeks of the experiment, were 4.5, 4.3, 4.5, 5.5, 5.0, 4.5, and 4.3 micrograms per 
100 ee. On a diet containing approximately 2500 micrograms of thiamin per 
day, the blood of subject T. F. taken at monthly intervals contained 7.0, 9.9, and 
9.9 micrograms of thiamin per 100 ¢.c. After two weeks, however, during which 
the subject received a diet containing about 300 micrograms of thiamin per day, 
the blood level fell to 2.8 micrograms per 100 e.c. 


The following data are representative of the results which may be obtained 
from apparently healthy human subjects. Samples were obtained at approxi- 
mately monthly intervals. The results are expressed in micrograms per 100 
ec.: K., 5.8, 6.0, and 4.9; J. H., 5.0, 5.8, and 3.9; E. A., 5.1, 8.0, and 5.1; E. G., 
4.4, 7.5, 6.1, and 6.8; H., 9.2, 5.4, 3.0, and 4.1. 


SUMMARY AND CONCLUSIONS 


A procedure is described for the determination of thiamin in 5 ¢.c. of oxa- 
lated whole blood by the thiochrome method. 


The blood of 36 human subjects in apparent good health and receiving an 
adequate diet contained from 3.0 to 11.2, with an average of 5.70 micrograms 
per 100 ce. These results agree substantially with those obtained by previous 
workers with the cocarboxylase and fermentation methods. 
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BY THE PHOTOELECTRIC COLORIMETER* 


ANDRE CIPRIANI, M.D., C.M., Doris Bropuy, Lic. ES Sc., MONTREAL, CANADA 


HE estimation of the protein content of cerebrospinal fluid has become an 

increasingly important part of laboratory routine. The ideal method should 
combine accuracy with speed of operation and the use of minimal quantities of 
spinal fluid. The method of Denis and Ayer, as modified by Ayer, Dailey, and 
Kremont-Smith,' has proved very satisfactory, but the aceuracy of the determina- 
tion depends upon the ability of the technician to match turbidities in the or- 
dinary colorimeter. 

The photoelectric colorimeter has eliminated this personal factor, and 
turbidimetric methods would seem to be ideally suited to the instrument. Looney 
and Walsh? described such a method, using 2 ¢.c. of spinal fluid. Ikeda and 
Hanson* presented a similar method for further trial and evaluation. The latter 
method requires the use of 3 ¢.c. of fluid. Neither of these papers mentions the 
error introduced by color in some pathologie fluids. 

The following method is a modification of that presented by Ayer, Dailey, 
and Fremont-Smith' for the standard colorimeter. One ¢.e. of fluid is used 
instead of the original 0.6 ¢.c. in order to simplify pipetting. 


METHOD 


One ¢.c. of cerebrospinal fluid is accurately measured into a test tube and 
lec. of 5 per cent sulphosalicylie acid is added. The tube is inverted or rotated 
gently to ensure thorough mixing and is allowed to stand at least five minutes 
before reading. The tube is then inverted again and the mixture is transferred 
to a small colorimeter tube after the latter has been rinsed with 2 to 3 drops of 
the mixture. The tube is placed in the colorimeter and the deflection is read on 
the galvanometer. 

The center setting is determined with a tube containing 1 ¢.e. of distilled 
water and 1 ¢.¢c. of 5 per cent sulphosalicylie acid and can be used for all fluids 
that are clear and colorless. We have found a preliminary ‘‘warming up”’ 
period of five minutes to be sufficient for the colorimeter, provided care is taken 
to adjust the center setting before each reading. 

All fluids which are not clear and colorless have been found to give false 
high results due to the added absorption of light by color. This can be com- 
pensated for by adding 1 ¢.c. of water to 1 ¢.¢. of the fluid (in whatever dilu- 
tion has been used for precipitation) and using this as a blank to determine the 
center setting. Preliminary detection of color depends upon the eye of the tech- 
nician, but where there is the slightest doubt a blank reading should be made 
in this way. Such readings may show a deflection of as much as ten divisions 


*!’rom the Department of Neurology and 
real urological Institute, Montreal. 
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on the galvanometer above the center setting (approximately 65 on a galvanom- 
eter scale divided in 100 equal parts) obtained with the water and acid blank. 
In contrast to this, a series of cerebrospinal fluid plus water blanks was run on 
15 ‘‘elear and colorless’? fluids. Fourteen of these varied only one-half of a 
division, and the fifteenth, three-fourths of a division, from the deflection of the 
water plus acid blank. 

Protein concentrations from 12 to 110 mg. per 100 ¢.c. (17 to 76 per cent 
light absorption) can be estimated directly. Fluids containing higher concentra- 
tions must be diluted so that the reading falls within those limits. 


APPARATUS 


The apparatus consists of a miniature colorimeter of the Evelyn type* built 
to accommodate small Pyrex test tubes (8 x 75 mm.). These tubes were care- 
fully tested for uniformity and only those conforming to the standard set by 
the Rubicon Company were used. 

The miniature attachment for the photoelectric colorimeter is constructed 
as follows: Light from a 6.3 volt lamp passes through a built-in filter (Rubicon 
520) and then through the solution by way of a slit 0.25 inch wide and 0.75 inch 
high. The test tube is so aligned that the bottom of the slit is just above the 
rounded portion of the tube. A removable, lightproof cap is necessary to pre- 
vent stray light from reaching the photocell via the top of the tube. The light 
intensity is recorded by means of a General Electric blocking layer photocell. 

The instrument is included in the case of the standard Evelyn colorimeter 
and makes use of the same light control circuit and galvanometer. <A suitable 
switch allows the convenient use of either instrument. 


CALIBRATION 


A standard protein solution was prepared according to the method of Ayer, 
Dailey, and Fremont-Smith.! Dilutions were made to give eleven standard 
solutions ranging in concentration from 12 to 110 mg. per 100 ¢.c. The protein 
content of each was determined in duplicate by the micro-Kjeldahl method and 
also the light absorption of each, after precipitation with sulphosalieylie acid, 
was measured in the photoelectric colorimeter. Using the actual readings on 
the galvanometer scale as ordinate and the concentration of protein (as deter- 
mined by micro-Kjeldahl) as abscissa, points were established on graph paper 
and a curve drawn. This curve has been used to estimate the protein in all fluids 
of unknown concentration. 

Duplicate determinations of protein were made on numerous samples of 
cerebrospinal fluid both by the photoelectrie method and by micro-Kjeldahl. 
As noted by Ayer, Dailey, and Fremont-Smith,' difficulty was encountered in 
obtaining satisfactory checks with the micro-Kjeldahl when the nonprotein 
nitrogen was subtracted from the total nitrogen and the result multiplied by the 
factor 6.25. More consistent results were obtained by precipitating the protein 
with trichloracetic acid and determining the nitrogen content of the precipitate 
directly. This method has been compared with the direct gravimetrie method 
by Guillaumin et al.° and has been found to check closely with it. It has the 
added advantage of requiring only two micro-Kjeldahl determinations instead of 
four for duplicate estimations. 
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TABLE I 


TOTAL PROTEIN, MG. PER 100 c.c. 


MICKO-KJELDAHL 


>HOTOELEC 
(TOTAL N. MINUS N.P.N.) 


14.3 & 14.5 16.9 & 14.4 
15.6 & 15.8 21.9 & 22.5 
20.2 & 20.2 21.2 & 24.4 
20.5 & 20.8 18.1 & 19.3 
22.3 & 21.8 31.3 & 30.0 
& 27.5 31.3 & 32.9 
39.5 & 39.5 43.1 & 40.6 
48.0 & 48.7 50.6 & 46.9 
19.2 & 48.7 51.3 & 45.0 
59.0 & 55.3 54.4 & 53.1 
v1.0 & 37.3" 63.8 & 64.4 
57.8 & 57.0 60.6 & 55.6 
63.2 & 64.2 58.1 & 63.1 
72.8 & 73.5 83.1 & 88.1 
13.0 & 74.2 78.1 & 74.4 
82.0 & 81.3 79.2 & 717.9 
89.0 & 87.5 92.5 & 87.5 
90.3 & 91.3 101.9 & 103.1 


*Xanthochromic fluid—center setting adjusted. 


TABLE II 


TOTAL PROTEIN, MG. PER 100 


PHOTOELECTRIC 

(PROTEIN NITROGEN ) 
12.5 & 12.3 125 & 9.8 
14.7 & 14.9 17.5 & 17.9 
19.5 & 19.7 24.1 & 20.1 
21.3 & 21.1 20.1 & 20.7 
27.8 & 27.8 28.4 & 25.2 
28.7 & 28.5 31.5 & 32.6 
09.4 & 39.2 86.6 & 37.0 
44.5 & 44.0 45.5 & 45.5 
90.7 & 50.7 47.7 & 47.3 
54.2 06.4 & 56.0 
59.3 & 59.7* 09.6 & 57.8 
63.3 & 65.7* 60.4 & 62.1 
68.2 & 69.2 63.8 & 69.1 
98.0 & 99.6* 98.6 & 91.0 
189.0 & 192.4 184.6 & 181.1 
422.5 & 425.5* 428.7 & 446.3 
6,480 & 6,191 & 5,906 


*Xanthochromic fluids—center setting adjusted. 
{Cyst fluid—center setting adjusted. 


RESULTS 


All the figures obtained in the course of the experiment are presented in 
Tables I and II. It will be noted that the results of phetoelectrie determinations 
are in more close agreement with the micro-Kjeldahl results in Table IT (protein 
nitrogen) than is the case in Table I (total nitrogen minus nonprotein nitrogen ). 
Duplicate figures in the photoelectric method are remarkably consistent, and 
Where the figures by micro-Kjeldahl determination were not in such close agree- 
ment the photoelectric results will be found to check fairly closely with one or 
the other of them. In only two instances (the second and the fourteenth) in 
Table if were the duplicate values for each method in close agreement while 
showine a distinet difference between the two methods. In one of these the 
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figures by photoelectric method were higher, and in the other they were lower 
than the Micro-Kjeldahl results. 

The method is convenient and inexpensive. A single determination requires 
about ten minutes and even less time per determination if a number of samples 
are to be tested. 


SUMMARY 


1. A simple method is presented for the determination of cerebrospinal fluid 
protein with the photoelectric colorimeter. 

2. A miniature attachment for the Evelyn photoelectric colorimeter is de- 
scribed which will accommodate small Pyrex test tubes. This permits the de- 
termination to be carried out on 1 ¢.e. of spinal fluid. 

3. False high results may be obtained with colored specimens of spinal fluid, 
A method to rule out this source of error is described. 
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DETERMINATION OF MANDELIC ACID IN URINE* 


PRECIPITATION AS CapMiuM MANDELATE 


J. H. A.B., V. H. Pu.D., aNd A. Q. Bururer, Pu.D. 
St. Louts, Mo. 


— aeigleenia acid and salts of mandelie acid are employed in the treatment 
of urinary infections and after their administration the physician may 
find it desirable to follow the concentration of mandelie acid in the urine of 


the patient. In a clinical investigation? on the injection of solutions of sodium 


mandelate this laboratory was requested to supply the analytieal data. The avail- 
able analytical procedures for the determination of mandelie acid in urine were 
studied and found to be unreliable. A new gravimetrie method was developed 
in which the mandelie acid in the urine is extracted with ether, converted to the 
sodium salt for extraction and concentration in an aqueous solution, and precip 
tated and weighed as cadmium mandelate. The method may be earric:! oul 


*From the Mallinckrodt Chemical Works, St. Louis. 
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fairly rapidly on a semimicro scale with 10 ¢.¢. samples of urine, or it may be 
applied as a macro procedure with 100 ¢.¢. samples. The concentration range 
of 0.1 to 2.0 Gm. of mandelie acid in 100 ¢.¢. of sample was studied since this 
represents the normal range of concentrations encountered during mandelie acid 
therapy. 

In 1909 Neubauer® determined the mandelie acid exereted by dogs after 
feeding experiments. The acid was extracted from the urine by ether and, 
after purification, was titrated with 0.1N alkali. Rosenheim,'! who introduced 
mandelie acid therapy in 1935, determined mandelie acid in the urine of his 
patients by extracting with ether after acidifying the specimen with phosphoric 
acid and saturating with ammonium sulfate. The residue obtained by evaporat- 
ing the ether was weighed as mandelie acid. MeMahon® combined the Rosenheim 
extraction method with the titration method used by Neubauer. Montenbruck,* 
and also Garry and Smith,* determined the extracted d or 7 mandelie acid 
polarimetrically. This method is not applicable in human cases, however, since 
the inactive dl mandelie acid is usually administered, and it has been shown‘ 
that both forms of mandelie acid are excreted simultaneously. For the assay 
of medicinal preparations, Stevens and Hughes,'? and also Rosen,'’ employed 
continuous extraction with ether followed by titration with standard alkali. 
Underwood'® recommended extraction with a mixture of two parts chloroform 
and one part ether, followed by titration with standard alkali. 

The published methods are subject to several errors. Reimers’ indicated 
that care must be taken in evaporating the ether from the extract in order to 
avoid loss of mandelie acid by volatilization. MeMahon reported the loss of an 
average of 6 per cent of mandelie acid in recovery experiments from water with 
samples ranging from 0.5 to 4.5 Gm., and 16 per cent loss in recovery from urine 
with samples ranging from 0.2 to 0.3 Gm. The loss was attributed to combina- 
tion with other constituents of the urine. Berger,' using MeMahon’s method, 
reported a loss of about 10 per cent from 0.1 gram samples in recovery of 
mandelie acid from urine ‘through the combination with other urinary con- 
stituents or through inaccuracy of the method.’’ He also reported a loss of 
20 per cent in the recovery of mandelice acid added to breast milk. 


DEVELOPMENT OF GRAVIMETRIC METHOD 


A study of the methods reviewed above indicated a need for a more satis- 
factory procedure for the determination of mandelie acid in urine. In attempt- 
ing to apply Rosenheim’s method of extraction from 100 ¢.¢. portions of urine, 
intractable emulsions were frequently encountered, but the use of the continu- 
ous niethod of extraction with ether recommended by Stevens and Hughes en- 
tirely overcame this difficulty. It was found necessary to acidify the urine 
rather strongly to insure the complete liberation of the mandelie acid. High 
acidity has been shown‘ to decrease the solubility of mandelie acid in water and 
would be expected to facilitate its extraction by ether. The extracted mandelic 
acid, |owever, was always found to be impure, and direct titration generally 
Save results which were high. It was found that pure mandelie acid can be 
hearly quantitatively precipitated by adding concentrated hydrochlori¢ acid or 
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by saturating the solution with sodium chloride, but mandelie acid reeovered 
from urine under these conditions crystallized only slowly and incompletely, 
presumably on account of the inhibiting action of the aecompanying impurities. 

Mandelie acid extracted from urine by means ot ether was found to be 
promptly and quantitatively precipitated as the cadmium salt from aqueous 
solution, furnishing the basis for a satisfactory gravimetric method. MeKenzie° 
prepared cadmium mandelate and listed its solubility as 0.1 Gm. in 100 ¢.¢. of 
water at 16°C.) Sinee MeKenzie did not publish his analytical data, the present 
authors have determined the composition of cadmium mandelate precipitated 
under various conditions and have redetermined its solubility. 


It was noted that the physical characteristics of the crystalline cadmium 
mandelate formed at room temperature changed appreciably when the solution 
with precipitate was heated on the steam bath. The cadmium mandelate was 
formed first as a dense erystalline precipitate which upon heating changed to a 
floceulent form. Pure cadmium mandelate is white, but when precipitated from 
urine it may be slightly colored. It was subsequently established that both forms 
of precipitate had the same composition after they were dried. Samples repre 
senting each of the two forms of precipitate were prepared and analyzed, 
Cadmium mandelate was precipitated by adding an excess of cadmium chloride 
solution (50 Gm. cadmium chloride in 100 ¢.¢. water) to a slightly acidified 
aqueous solution of sodium mandelate, the conditions adopted for the analytical 
procedure deseribed later. In one case the cadmium mandelate was precipitated 
at room temperature, after which it was heated on the steam bath until the phys- 
ical change in the crystalline strueture was noted. The precipitate was col- 
lected on a sintered glass funnel and washed with small portions of distilled 
water until free from chloride (Sample No. 1). A second sample of cadmium 
mandelate was prepared by precipitation from a previously cooled solution of 
sodium mandelate, and the solution and erystals were kept in an ice bath until 
the washing of the precipitate was completed (Sample No. 2). The two samples 
were dried in a vacuum desiccator and analyzed by simultaneous microcom)us- 
tion for cadmium, carbon, and hydrogen. Cadmium was converted to the oxide 
during the course of the carbon and hydrogen combustion, and the percentage ot 
cadmium was calculated from the residue of cadmium oxide remaining in the 
platinum boat. A complete combustion of the cadmium mandelate was easily 
obtained at a temperature well below the decomposition temperature of cadmium 
oxide, 900 to 1000° C. During the combustion the boat was not heated above a 
dull red heat. The results are shown in Table I. The values obtained for per- 
centage composition indicated that is the correct formula for both 
forms of precipitate. It is probable that the differences in physical charac- 
teristics are associated with hydrate formation. 

Solubility determinations were made using portions of the purified cadinium 
mandelate samples described above, at 25° C., in water and in dilute acetic acid 
(the conditions recommended in the analytical procedure). Approximately 0.2 
Gm. of cadmium mandelate was placed in a 200 ¢.¢. Kjeldahl flask together with 
100 ¢.c. of distilled water. The flask was fitted with a motor-driven glass stirre? 
and clamped in a constant temperature water bath. The contents of the flask 
were stirred slowly for three hours, at which time a sample of 15 ¢.c. was with- 
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drawn through a sintered glass filter stick into a calibrated pipette and trans- 
ferred to a previously tared micro-evaporating dish. The water was cautiously 
evaporated on a steam bath, the dish and residue dried in a vacuum desiceator 
over phosphorus pentoxide and again weighed. The increase in weight was 
caleulated to grams of cadmium mandelate per 100 ¢.c. of solution. A second 
portion was withdrawn three hours later to determine whether the equilibrium 
point had been attained. As a check on the results, a determination was made in 
which the original mixture was heated to 100° C. and then eooled to 25° C. An- 
other determination was made in an acetie acid solution pH 4.11. The results 
of these determinations are shown in Table II. The average value for solu- 
bility, 0.08 Gm. in 100 ¢.¢. of solution, is slightly lower than the value reported 
by McKenzie. The solubility was found to be only slightly greater in acetic 
acid than in water. 


TABLE T 


ANALYSIS OF CADMIUM MANDELATE 


cd Cc H 


PER CENT CENT PER CENT 
Theory Cd(C,H,0,), 27.1 46.3 3.4 


Sample No. 1 27.2 (47.5) 3.7 
20.3 46.3 
3 46.6 


Sample No. 2 27.2 46.7 3.2 
27.1 46.8 (4.0) 
46.0 


TABLE II 


SOLUBILITY OF CADMIUM MANDELATE AT 25° C, 


PURIFIED CADMIUM SOLUBILITY IN GRAMS 


MANDELATE SAMPLE PER 100 c¢.c. OF 
USED FOR TEST SOLUTION 
Solution in distilled water adjusted to No. 0.079 
25° C. from room temperature No. 2 0.079 


Solution in distilled water heated to No. 2 0.078 


100° C and cooled to 25° C. 

Solution in acetie acid, pH 4.11, ad- No. 1 0.089 ae 
justed to 25° C. from room temper- ie 
ature 


The most convenient method of extraction for small samples of urine was 
found to be repeated shaking of the sample with ether in a 50 ¢.c¢. separatory 
funnel. Several solvents and mixtures of solvents, such as ether, chloroform, 
normal butyl aleohol, normal amyl alcohol, benzene, and carbon tetrachloride, 
Were tried, but alcohol-free ether was found to be the best. When extracting 
With ether it was found necessary to avoid the use of grease on the stopcock 
of the separatory funnel, but the stopeock may be moistened with distilled wa- 
ter betore the sample is introduced. Two satisfactory procedures were developed 
for transferring the extracted mandelic acid to a water solution preparatory to 
precipitation as the cadmium salt. In the semimicro procedure, the ether ex- 
tract was neutralized with sodium hydroxide and the ether evaporated from the 
mixture. In the macro procedure, it was found expedient to extract the ether 
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solution with dilute sodium hydroxide and expel dissolved ether from the sodium 
hydroxide fraction by warming on the steam bath. By converting the mandelic 
acid to the sodium salt before evaporating the ether in both procedures all pos. 


sibility of loss of the acid by volatilization was eliminated. 


In order to avoid extracting unnecessary amounts of impurities from the 


urine samples by repeated shaking in the 50 ¢.c, separatory funnel, a series of 
extractions was made on 10 ¢.¢. aliquot portions of a solution containing a known 


amount of mandelie acid. The results showing per cent recovery in these ex- 
periments are presented in Table TIT. It was found that five extractions are 


adequate. 


TABLE IIT 


ETHER EXTRACTION OF MANDELIC ACID FROM WATER 


(0.2000 Gu. MANDELIC AcID DISSOLVED IN 10 WATER ) 


WEIGHT MANDELIC 
ACID RECOVERED 


RECOVERY 
PER CENT 


NUMBER OF ETHER 
EXTRACTION 


GRAMS 
3 x 30 ee. 0.1768 88.4 
5 x 30 e.e. 0.1989 99.5 
7 x 30 0.1998 99,9 


METHOD OF ANALYSIS BY THE SEMIMICRO PROCEDURE 


Reagents—All chemicals used are Mallinckrodt reagents of the grade 
specified: Sulfurie acid A.R., diluted 1:1 by volume with distilled water; 
cadmium chloride solution. 50 Gm. eadmium chloride anhydrous A.R. in 100 
e.e, water; sodium hydroxide 1N; chlorphenol red indicator, 0.1 per cent in 
95 per cent ethyl aleohol; acetic acid glacial A.R.; ether anhydrous A.R. 


Procedure.—Measure a 10 ¢.e. portion of the urine specimen into a 50 ¢.c. 
separatory funnel, add 1 ¢.c. of sulfuric aeid (1:1), 30 ¢.¢. anhydrous ether, and 
shake vigorously for three minutes. Allow the two layers to separate and with- 


draw the lower aqueous layer into a second 50 ¢.c. separatory funnel. Use 


necessary precautions to transfer all of the aqueous laver and ether-water sus- 
pension that does not separate readily. Wash the final drops from the stem 
into the second funnel with a stream of ether from a wash bottle. Transfer the 
ether layer remaining in the funnel into a 50 ¢.c. beaker; add 3 ¢¢. water, 5 drops 
chlorphenol red indicator, and a slight excess of IN sodium hydroxide; and 
place on the steam bath with a current of air directed into the beaker, Allow 
all of the ether to evaporate thus leaving the mandelie acid in the aqueous layer 
as the sodium salt. While this first ether layer is evaporating, extract the 
aqueous solution in the second separatory funnel with another 30 ¢.¢. of an- 
hydrous ether and transfer this extract to the beaker in which the first extract 
was evaporated. Repeat the extraction and evaporation of the ether layer until 


: five extractions have been made. The aqueous solution of mandelie acid in the 
beaker must be kept alkaline during these operations by the addition of sodium 

: hydroxide, 0.5 to 1 ¢.c. at a time, as indicated by the chlorphenol red. Evaj orate 

2 i the aqueous solution of sodium mandelate thus obtained to about 3 ¢.c, and | rans: 


fer quantitatively to a 10 ¢.c. micro beaker which has been previously w: ighed 
with a sintered Pyrex or porcelain filter stick. 
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vlacial acetic acid dropwise until the yellow color of the chlorphenol red in- 
dicator starts to appear, and finally add 0.4 ¢.e. of cadmium chloride solution. 
Evaporate the contents of the beaker to dryness on the steam bath, take up the 
residue in 3 ¢.e. of water, and allow the beaker and contents to stand for about 
thirty minutes with occasional agitation to obtain solution of the water-soluble 
salts. Filter the solution through the previously weighed filter stick. Rinse the 
inside of the beaker and filter stick with two 0.5 to 1.0 ¢.¢. portions of water with 
successive withdrawal of each through the filter stick to remove all traces of 
soluble cadmium and sodium salts. Dry the beaker and filter stick in a vacuum 
desiceator over phosphorus pentoxide and weigh. Multiply the weight of ecad- 
mium mandelate by 0.7338 to convert to mandelie acid. 


METHOD OF ANALYSIS BY THE MACRO PROCEDURE 


Reagents.—The reagents are the same as those listed above for the semi- 
micro method. 

Procedure.—Any of the commonly used types of apparatus for continuous 
extraction by an immiscible liquid should suffice for this extraction. The type 
used here consisted of a 500 ¢.e. round bottom flask for a boiler, a 125 ¢.¢. dis- 
tillation flask for holding the sample, and a reflux condenser. Connections were 
made so that the condensed ether passed through a tube to the bottom of the 
flask holding the sample, overflowing through the side arm back to the boiling 
flask. The tube which returned the ether extended below the surface of the 
liquid in the boiler flask. 

Introduce a 100 ¢.¢. portion of the urine specimen and 10 ¢.c. sulfurie acid 
(1:1) into the distillation flask. Introduce 300 ¢.¢. of anhydrous ether into the 
round-bottom flask. Connect the refluxing tube and the condenser to the two 
flasks, and connect the side arm of the distillation flask to the return tube so that 
excess ether will drain back into the round-bottom flask. Place the round-bot- 
tom flask on a steam bath or electric hot plate and allow the extraction to pro- 
ceed for twelve hours, or overnight if convenient. At the end of the refluxing 
period, remove the round-bottom flask from the extraction setup, add 5 or 6 
drops of ehlorphenol red indieator and sufficient 1N sodium hydroxide to main- 
tain the pink end-point of the indieator. Stopper the flask with a rubber stopper 
and shake vigorously for two or three minutes to insure that the end point has 
been reached. Place the round-bottom flask and contents on a steam bath and 
allow about one-half of the ether to evaporate. Transfer the ether-water mixture 
quantitatively to a 250 ¢.¢. separatory funnel and add sufficient water to bring 
the total volume of the aqueous layer to 15 ¢.c. Shake the mixture vigorously 
for three minutes. Add more alkali, if necessary, to keep the aqueous layer 
alkaline. Withdraw the aqueous layer into a 250 ¢.c. beaker and rinse any ad- 
herine drops on the tip of the separatory funnel into the beaker with a stream 
of eter from the wash bottle. Repeat the extraction of the ether layer in the 
separatory funnel three more times, using | ¢.c. of IN sodium hydroxide and 
4 ¢c. of water. Transfer each water extract to the same beaker. Place the 


Again evaporate the combined solution and washines on the steam bath to 
a volume of about 3 ¢¢., adjust the pH to approximately 5 by the addition of 
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beaker on a steam bath and allow the ether to evaporate completely from the 
aqueous layer. 

Adjust the pH of the water-extract to approximately 5 or 6 by the ad- 
dition of sufficient glacial acetic acid to just reach the yellow end point of the 
chlorphenol red indicator. Precipitate the mandelie acid by adding 4 c¢.c. of 
eadmium ehloride solution. Place the beaker containing the precipitate on a 
steam bath and allow the solution to evaporate to dryness. Add 10 ¢.¢. of wa- 
ter to the residue, mix thoroughly, and allow to stand at room temperature for 
thirty minutes with occasional stirring. Filter the solution into a weighed sin- 
tered glass funnel, transferring the precipitate quantitatively into the funnel. 
Wash the precipitate with three 1 to 2 ¢.¢. portions of water. Dry the funnel 
in a vacuum desiccator over phosphorus pentoxide and weigh. Multiply the 
weight of cadmium mandelate by 0.7338 to convert to mandelie acid. 


DISCUSSION 


The mandelie acid content of urine may be determined by either of the two 
procedures described above. In Tables IV and V are shown the results of ex- 
periments in which known quantities of mandelie acid were added to water and 
urine respectively and then recovered by the semimicro procedure. In Table VI 
are shown the results of experiments in which known quantities of mandelic 
acid were added to urine and recovered by the macro procedure. Although the 
methods appear to give equally satisfactory results over the range of concentra- 
tions studied, the semimicro method has the advantage that it requires consid- 
erably less elapsed time per analysis. It was found that five or six samples may 
be completed by the semimicroprocedure by an analyst in an eight-hour day. 
Another distinct advantage of the semimicromethod is that it permits the use of 
a smaller sample. 


There is always an unavoidable uncertainty connected with the extraction 
of urine samples due to the lack of uniformity in the composition of different 
samples. It is conceivable that the cadmium mandelate procedure might be in- 
fluenced by constituents in the urine, but significant interference by constituents 
of either normal or pathologic urine seems unlikely. A number of samples of 
urine originating from patients before the initiation of mandelie acid therapy 
were analyzed by the cadmium mandelate precipitation method, and in every 
ease the complete absenee of mandelie acid and all interfering impurities was 
indicated. Oxalice acid forms an insoluble cadmium salt, but it exists in urine 
in traces only. Hippurie acid is also only a minor constituent of human urine. 
The cadmium salts of benzoic acid and the common aliphatie acids are sufficiently 
soluble to avoid interference. Beta-hydroxybutyrie acid, which may be present 
in urine under certain conditions, failed to yield a precipitate with cadmium 
chloride. 

The results obtained by the cadmium mandelate precipitation method are 
subject to a slight error due to the solubility of the cadmium mandelate, but 
a high degree of accuracy is not required in a urinalysis and the solubility error 
is probably not significant except in samples where the mandelic acid conce:tra- 
tion is very low. If an analysis required a more accurate determination the 
solubility error could be correeted either by calculation or manipulation. 
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TABLE IV 
RECOVERY OF MANDELIC ACID FROM WATER 
SEMIMICRO PROCEDURE 


WEIGHT OF MANDELIC ACID WEIGHT MANDELIC ACID RECOVERED 
ADDED TO 10 ©.c. WATER TRIAL ] TRIAL 2 
GRAMS GRAMS GRAMS 

0.0100 0.0119 0.013 
0.0500 0.0523 0.0521 

0.1000 0.1037 0.10138 

0.1500 0.1481 0.1514 

0.2000 0.2015 0.1980 


TABLE V 


RECOVERY OF MANDELIC ACID FROM URINE 


SEMIMICRO PROCEDURE 


WEIGHT OF MANDELIC ACID RECOVERED 


WEIGHT OF MANDELIC ACID 


ison SAMPLE 1] SAMPLE 2 SAMPLE 3 SAMPLE 4 
GRAMS GRAMS GRAMS GRAMS 
0.0100 0.0105 0.0109 0.0093 0.0095 
0.0500 0.0485 0.0508 
0.1000 0.1024 0.1049 
0.1500 0.1496 0.151] 


0.2000 0.2039 0.1995 


TABLE VI 
RECOVERY OF MANDELIC ACID FROM URINE 
Macro PROCEDURE 


WEIGHT OF MANDELIC ACID RECOVERED 


WEIGHT OF MANDELIC ACID 


URINE URINE URINE URINE 
ADDED ety » URINE SAMPLE 1* SAMPLE 3* SAMPLE 5 SAMPLE 6 
: GRAMS GRAMS GRAMS GRAMS 
0.1000 0.1421 0.0911 
0.5000 0.5081 
1.000 1.011 0.953 0.977 
1.500 1.569 
2.000 2.059 


*Same urine samples as reported in Table V. 


From about one hundred and thirty analyses for mandelic acid in urine by 
the semimicro method performed in the course of a clinical investigation? only 
two specimens formed emulsions that could not be separated. Upon inquiring 
about the history of the specimens it was learned that they had originated from 
patients who had been given mereury therapy along with the sodium mandelate, 
which may have been responsible for the production of an emulsifying substance 
in the urine. These two specimens were easily extracted by a semimicro adapta- 
tion of the continuous extractor described in the procedure for the macro 
method. A 100 ¢.e. round-bottom flask and a 50 ¢.c. distilling flask were used 
in the setup. Recovery experiments on known quantities of mandelie acid added 
to normal urine established the fact that four to five hours was sufficient time 
for the continuous extraction of 10 ¢.c. samples. 

in Table VII is shown a series of results on case specimens of urine in 
whic!) the samples were analyzed for mandelie acid by both the semimicro and 
macro procedures. 
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mandelic acid as cadmium mandelate 


The isolation and determination of 


may be of value in the analysis of other solutions ov mixtures such as elixirs or 


tablets. 
TABLE VII 


COMPARISON OF CASE SPECIMENS BY SEMIMICRO AND MAcko METHODS 


WEIGHT OF MANDELIC ACID FOUND PER 100 (.C. URINE 


URINE SPECIMEN | SEMIMICRO | MACRO 
GRAMS GRAMS 
No. 2 1.62 | 1.64 
No. 3 | 0.35 | 0.32 
No. 4 0.12 | 0.11 
No. 5 | 0.03 | 0.04 


SUMMARY 


A method for the determination of mandelie acid in urine is presented and 
its use for other types of samples is suggested. The procedure is based on the 
extraction of the acid with ether, conversion to the sodium salt, and precipita- 
tion as cadmium mandelate. A semimicro and a macro procedure are given and 
two methods of extraction are described. The methods are accurate and require 
no special equipment or reagents. Several determinations may be carried out 


simultaneously. 

The composition of cadmium mandelate has been confirmed by analysis and 
its solubility redetermined. A method is reported for the determination of 
‘admium as the oxide simultaneously with the determination of carbon and 


hydrogen by combustion. 


The authors wish to express their thanks to Drs. Grayson Carroll and Reese Coleman for 
the privilege of collaborating with them on this investigation and to Allen G. Ring, librarian 
at the Mallinckrodt Chemical Works, for his assistance in searching the literature. 
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A RAPID AND SIMPLE TECHNIQUE FOR THE DETERMINATION OF 
GELATIN*® 


Martrua Janora, M.S., Curcaco, 


HIS report deals with a technique for the determination of gelatin protein 


in a mixture of blood and gelatin or urine and gelatin in vivo as well as in 
vitro. The technique described here is merely the application of well-known 
methods and principles of chemistry in the separation of plasma and gelatin or 


urine and gelatin proteins. The present paper is reported because of the in- 
creased interest in gelatin as a blood substitute and beeause of the absenee in 
the literature of suitable simple methods for the determination of gelatin.’ 

The basis for the separation of gelatin from plasma proteins is the property 
of gelatin protein in 95 per cent ethyl aleohol and in 5 per cent trichloracetic 
acid. (Gelatin throughout this paper refers to an autoclaved solution.) The 
addition of 95 per cent aleohol to a gelatin solution results in the protein of the 
gelatin being precipitated, the nonprotein constituents remaining in the super- 
natant fluid after centrifugation. The addition of 5 per cent trichloracetie acid 
to a gelatin solution does not precipitate the gelatin proteins. It is a well-known 
fact that 5 per cent trichloracetie acid or 95 per cent alcohol precipitates the 
proteins of serum or plasma, the nonprotein constituents remaining in solution. 
Thus in a mixture of gelatin and plasma, the gelatin may be separated from the 
plasma by the precipitation of plasma proteins with trichloracetie acid, thereby 
leaving the nonprotein constituents of both plasma and gelatin and the gelatin 
protein in the supernatant fluid. Every sample of gelatin had a nonprotein 
nitrogen content varying between 30 and 75 mg. per cent after autoclaving. Pro- 
longed autoclaving increased the nonprotein nitrogen and decreased the viscosity 
of the solution. A standardized procedure of autoclaving was used therefore. 
Now, if a total nitrogen determination is made by the micro-Kjeldahl method on 
the 5 per cent trichloracetic supernatant fluid and the nonprotein nitrogen is 
determined by the usual nesslerization method on an alcoholic filtrate of a 
plasma-gelatin mixture, the protein nitrogen of gelatin may be obtained by sub- 
tracting the nonprotein nitrogen from the total nitrogen. The protein nitrogen 
multiplied by the protein factor for gelatin of 5.25 yields the protein gelatin in 


the mixture. 

The plasma protein of the mixture may be obtained by analyzing the gelatin- 
plasma mixture for total nitrogen, and then subtracting the total nitrogen of the 
5 per cent trichloracetic acid supernatant which contains the gelatin protein 
nitrogen and the nonprotein nitrogen constituents of both gelatin and plasma. 
This figure represents total plasma protein nitrogen, which multiplied by the 
usual protein factor of 6.25 yields the protein of the plasma. It is obvious that 
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by adding the plasma protein to the gelatin protein the true combined total 
protein of the gelatin-plasma mixture is obtained. 

These same principles may be applied to gelatin-urine analysis. In passing, 
it should be pointed out that the qualitative tests for protein in urine, such as 5 
per cent acetic acid and sulphosalieylie acid, are not suitable for the detection 
of gelatin, since gelatin is not precipitated by either of these reagents. 


EXPERIMENTALI, 


Ossein or pigskin gelatins prepared in 0.85 per cent NaCl solutions, auto- 
elaved for one-half hour to one hour at 256° F., were used in vitro and in vivo 
experiments. In vitro experiments were performed by mixing gelatin and 
plasma in yarying amounts. Total proteins were determined on the gelatin and 
plasma before the mixtures were made; the mixtures were analyzed for gelatin 
and plasma proteins, and the theoretical values were calculated. In Table | 
are represented the theoretical and recovered gelatin and plasma protein values. 

Total nitrogen determinations were made by diluting 0.5 ¢.e. of the plasma- 
gelatin mixture to 25 ¢.c. with 0.9 per cent NaCl and analyzing 1 ¢.c. aliquots 


for total nitrogen by the micro-K jeldahl method of Ma.‘ 

Gelatin nitrogen was determined by precipitating the plasma proteins con- 
tained in 0.5 ¢.c. of the gelatin-plasma mixture with 7 ¢.c. of 5 per cent tri- 
chloracetie acid and by analyzing 1 ¢.¢. portions of the supernatant for total 
nitrogen (G.N.) by the micro-Kjeldahl method. 

Nonprotein nitrogen (N.P.N.) was determined by precipitating the gelatin 
and plasma proteins in 0.5 ¢.c. of the mixture with 7 ¢.c¢. of 95 per cent alcohol, 
determining the amount of N.P.N. in 5 ¢.c¢. of the supernatant by the usual meth- 
ods using direct nesslerization.* 

Protein values were obtained by the following formulas : 

(T.N. — G.N.) x 6.25 = Plasma protein in grams per 100 ¢.c. 

(G.N. — N.P.N.) x 5.25 = Gelatin protein in grams per 100 ¢.c. 

Gelatin protein plus plasma protein — Combined protein of mixture, 

In vivo experiments were performed on dogs infused with known quantities 
of gelatin. Gelatin and plasma protein analyses on the blood of these animals 
one hour, twenty-four hours, forty-eight hours, seventy-two hours, and five days 
later indicated that gelatin left the circulation very rapidly.’ The analyses were 
made in duplicate and the values obtained agreed within +3 per cent error. 

In order to rule out the rapid loss of gelatin from the circulation due to 
diffusion of gelatin into the red cells, heparinized blood was mixed with equal 
amounts of gelatin solution. The mixture was gently shaken for one hour, and 
then centrifuged, with the plasma analyzed for gelatin and plasma protein. In 
one experiment the red blood cells of the mixtures were repeatedly washed with 
0.85 per cent NaCl; the washed cells were then frozen rapidly in carbon dioxide 
snow and aleohol, thawed rapidly, and analyzed for gelatin. Table IT repre- 
sents the results of this experiment. The theoretical values were caleulated from 
hematocrit determinations of the blood before adding the gelatin. 


DISCUSSION 


From the data presented in Tables I and II, it would appear that the tech- 
nique for the determination of gelatin and plasma protein in a mixture of gel::tin 
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and plasma is adequate for biologic purposes, the differences between the ex- 
pected and the obtained values being within the limits of error of the method. 
Due to the viscous nature of gelatin, difficulty is encountered in adequately drain- 
ing pipettes when measuring gelatin. This may in part explain the loss of gel- 
atin in the recovery experiments, since the pipettes containing plasma and 
gelatin cannot be rinsed out with trichloracetic acid. When blood and gelatin 
were mixed, the gelatin recovery was 91.7 and 86.2 per cent. Analysis of saline 
washed blood cells hemolyzed on freezing and thawing (86.2 per cent recovery 
experiment) was negative for gelatin. These data would indicate that no, or 
at most insignificant, amounts of gelatin entered the red blood cells. 

After the writing of this paper the work of Little and Wells appeared.® 
These authors employed sodium tungstate as gelatin precipitant and 10 per cent 
trichloroacetic acid as plasma protein precipitant. No recovery data were sup- 
plied. 

SUMMARY 

1. A technique applying known methods has been deseribed for the deter- 

mination of gelatin in a mixture of gelatin and plasma. 


2. Recovery experiments indicate the method suitable for biologie purposes. 


3. The technique described is also applicable to urine and gelatin analysis. 
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MEDICAL ILLUSTRATION 


THE CONTROL OF EXPANSION AND CONTRACTION OF 
RUBBER CASTS* 


Cart Dame CLARKE, AND FREDERICK MATTHEW STINER, WASHINGTON, 


HRINKAGE of rubber prostheses of facial and body members has presented 

a definite problem. Rubber shrinks slightly on setting (coagulation) and 
drying. This shrinkage may be great or infinitesimal. Nevertheless, it may be 
sufficient to cause an improper fit of the artificial part to the human tissues. 
Therefore the following experiments were carried out in an effort to overcome 
this difficulty. It was found possible to expand a rubber cast to more than three 
times its original surface area or slightly less than two diameters by soaking it 
in benzine. Likewise, it was discovered how to reduce or shrink it to a fraction 
of its original size. The ability to reduce the size has its place in art and medi- 
cine as well as the need for enlarging to offset shrinkage. A practical example 
of where shrinkage may be a necessity rather than a fault is when a rubber 
hand is to be made of a proper size to fit a particular individual who has lost 
his hand. These hands are invariably molded from a second individual (donor) 
for supplying a east to the first (recipient). 

Both expansion and contraction must take place without an appreciable loss 
of detail. Therefore, coins having a wealth of detail were chosen for these 
experiments. Indeed, the microscopic writing on one coin (Figs. 1 and 2) 
became plainly visible to the unaided eye on enlarging. It was found that in 
the expansion of a prosthesis the distortion often took place in proportion to the 
thickness of the rubber. The thinner parts became distorted more rapidly. 
However, this was offset in the drying of the expanded rubber to a greater ex- 
tent than had taken place during the expansion. As a result the prosthesis 
assumed an accurate but enlarged pattern that was satisfactory for recasting 


into a final prosthesis for use on the patient. 

Briefly, the expansion is accomplished by soaking the vuleanized rubber 
pattern in benzine until it has expanded to a degree slightly above that which 
is desired. It is then allowed to shrink somewhat to assume correct but enlarged 
proportions. The pattern is then used for plaster molding for the final rubber 
prosthesis or cast. 

Expansion and contraction are also governed by the amount of filler (clay) 
in the rubber. The more filler, the greater the contraction. However, expan- 
sion takes place to a lesser degree if the cast is filled. 

According to the record kept of experiments, the following results i ex- 
pansion were noted. These experiments were done on rubber casts from plaster 


molds. 


*From the Army Medical Museum. 
Received for publication, March 1, 1943. 
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EXPANSION 


Materials: 


Vultex H-235 


EXPERIMENT 1 


AND CONTRACTION OF 


RUBBER CASTS 


Dixie clay 


9 


parts 


1 part 


Expanding agent: Benzine 
Minutes Size in mm. Expansion gain in mm. 
0 40 0 
45 55 15 
65 5S 18 


EXPERIMENT 2 


20 


This east reached its maximum expansion of 60 mm. 


in 80 minutes. 


Subject: Coin. 
Material: Vultex F-293 Water 
2 parts 1 part 
Expanding agent: Benzine 
Minutes Size in mm. Expansion gain in mm. 
0 40 0 
15 60 20 
60 70 30 


From this experiment it will be noticed that the unfilled cast expanded 
more rapidly than the filled cast. In 15 minutes it reached 60 mm. in diameter, 
a 20mm. gain. It reached its maximum expansion of 70 mm. in 60 minutes. 


EXPERIMENT 3 
Subject: Coin. 
Material: Vultex H-255 Dixie clay 
2 parts 1 part 
Expanding agent: Benzine 


Minutes Size in mm. Expansion gain in mm. 

0 40 0 

5 42 2 

10 44 4 

15 46 6 

30 50 10 

45 53 13 

60 60 20 
225 60 20 


This east reached its maximum expansion in 60 minutes. However, soak- 
ing was continued to see whether disintegration would take place. This became 
apparent as soaking continued over exceptionally long periods of time. Vul- 
canization plays a large part in the degree of disintegration. Unvuleanized casts 
disintegrate rapidly. The well-vuleanized cast holds up after prolonged soak- 
ing in benzine. 
EXPERIMENT 4 

Subject: Coin. 
Material: Vultex F-293 
Expanding agent: Benzine 


Minutes Size in mm. oxpansion gain in mm. 

0 40 

5 43 3 

10 46 6 

15 46.5 6.5 

30 49 9 

45 52 12 

60 55 15 

75 57 17 


This east was slightly thicker 
expansion took place more slowly. 


62 


99 


than the east used in Experiment 2, therefore 
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EXPERIMENT 5 
Subject: Prosthetic Nose. 
Material: Vultex H-235 Dixie clay 
parts 1 part 
Expanding agent: Benzine 
Minutes Size in mm. Expansion gain in mm. 
0 74 high, 53 wide 0 high, 0 wide 
2 82 high, 62 wide 8S high, 9 wide 
4 8S high, 65 wide 11 high, 12 wide 


Control Experimental 


2 3 4 i | | 
CENTIMETERS 


Fig. 1.—The control and experimental of vulcanized latex containing no filler. It will 
noticed that after 15 minutes of soaking in benzine distortion begins to appear. 


After 45 minutes in the benzine distortion began to take place, so the pros- 
thesis was removed from the benzine. On examination it was found that expan- 


sion had taken place rapidly in the thin area. When the prosthesis was allowed pl 
to stand in the air it was found that on evaporation of the benzine shrinkage 
took place more rapidly in the thin areas than in the thick ones. Therefore. (he C4 
model shrank back to a true ratio in the proportionate areas but there was an D 
enlargement throughout the entire cast. The photograph in Fig. 3 was teen tr 


five minutes after removal from the benzine. It shows clearly the proportional 
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enlargement that is possible. This enlargement is greater than is necessary for 
prosthetic appliances beeause the natural shrinkage of rubber is not. sufficient 
to offset such an enlargement. Although it may be necessary to enlarge pros- 
thetie hands and arms beyond the actual size of the donor’s hand to provide the 


Control Experimental 


Reverse 
Side 


Fig. 2.—This is a continuation of the illustration seen in Fig. 1. Distortion has taken 
Place rapidly in 45 minutes of soaking. At the end of 90 minutes the experimental has 
flatt’-ned without distortion, The bottom picture shows the reverse side of the coin. 
correct size for the recipient, it is not likely that an enlargement of such pro- 
portions would be necessary in many eases. However, greater enlargements in 
true ratio and proportions are possible. 

\s mentioned previously, a distorted enlargement of greater proportions 
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was obtained in 45 minutes’ soaking in benzine, Five minutes after it was re- 
moved from the benzine the prosthesis shrank to true but still enlarged propor- 
tions to the control. As the benzine continued to eyaporate the prosthesis became 
smaller and eventually returned to the same dimensions as the control. This 
took about two hours. At any point during this ghrinkage the model could have 
been remolded to obtain a permanent prosthesig of enlarged proportions that 
would not shrink appreciably regardless of time, 


Control Baperimental 


CENTIMETERS 


Fig. 3.—Rough casts of filled rubber prosthesis showing expansion in true proportions. 
This has expanded more than necessary, since it is only essential to offset normal shrinkage 
for this type of prosthesis. Filled rubber shrinks about 2 mm. to 40 mm. 

Distortion—Upon further investigation it was found that the experimental 
eventually assumed true proportions when it reached the saturation point dur- 
ing soaking in the benzine. Enlargement of nearly two diameters or roughly 
three times in area was obtained. The more filler used in the rubber latex the 
smaller was the enlargement. Nevertheless, this had little effect on distortion. 
As the enlarging process advanced the model lost physical strength but it always 
possessed enough toughness to be molded in plaster at any time during the soak- 
ing in benzine. In prosthetic hands the expansion can be held permanent for a 
longer period of time or shrinkage prevented by filling the rubber shell with a 
microcrystalline wax. This wax is pliable and permits the fingers to be moved 
in any position desired before molding. A one-piece plaster mold is then made 
of the rubber hand. After the plaster mold has set the wax is melted out. The 
collapsible rubber pattern shrinks and is finally pulled from the mold. This 
one-piece mold is used for pouring duplicate rubber hands to be attached to ‘he 
patient. In this way prostheses without seam lines are obtained, This tech- 
nique will be described more fully in a future article. 

Accelerated Shrinkage.—Contrary to common belief it should be realized 
that rubber can be east in practically any type of mold. This includes molds of 
agar, plaster, wood, cement, terra cotta, glass, rubber, and synthetie plasi cs. 
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Fig. 4.—Rubber casts can be made from many types of molds. Upper left: An agar 
mold. Upper right: A plaster mold. Lower left: A wax mold. Center: A rubber mold. The 
small impression at the lower right is a rubber cast. 


Fig. 5.—Top left: Original coin. Top right: First cast from a plaster mold. This 
cast contained no filler. It was used as a control. Lower left: The first cast from an agar 
mold showing a reduc.ion. Center: A second recasting from an agar mold showing further 
reduction. Lower right: A third recasting showing a still further reduction. These recastings 
co of filled rubber and photograph better than the unfilled rubber which was nearly trans- 

ent, 
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In faet, the problem has never been with the molding material, but new separat- 
ing mediums had to be devised to suit the mold. Rubber adheres to rubber, 
therefore soap and a salt acting as a coagulating agent for rubber had to be used 
on the mold. Rubber will not stick to agar. However, a coagulating salt had 
to be added to the agar mix to coagulate the rubber latex on the surface of the 
agar to build up a sufficient thickness of rubber to make the east of practical 
use. The subject of separating and coagulating agents also will be discussed 
further in a future article. This subject has been considered in some detail in 
the book Molding and Casting.) 

Shrinkage takes place more readily in casts that dry from the side next to 
the mold. Those that dry from the hollow side of the east only, shrink less. For 
example, when rubber is poured into a dry plaster mold, water is absorbed from 


2 the latex mix into the porous mold. If rubber is poured into an agar, a rubber 
x or synthetic plastic mold which is nonabsorbent, a rubber coating or layer must 
-s be built upon the mold. The excess then is poured out. This coagulated layer 
by of rubber must dry from the hollow side. Furthermore, after coagulating it 


must not adhere to the surface of the mold. Both the inner and outer surfaces 
are exposed to the air and shrinkage takes place rapidly. This shrinkage ean 
be offset to some extent by pouring over the coagulated and partially dried rub- 
ber layer a microcrystalline wax which presses the rubber back to the mold 


surface. 

If a filled rubber latex is poured into an agar mold, proportional contrae- 
tion or shrinkage readily occurs on the drying of the rubber. An agar mold 
will also quickly contract on drying. Here considerable distortion takes place 
in the mold. This distortion can be prevented by the addition of sorbitol to the 
agar mix. Shrinkage follows but it is not distorted contraction. In the first 
casting of a filled rubber latex positive in an agar mold containing no sorbitol 
a proportional shrinkage of 5 to 40 millimeters oceurs, thus producing a east of 
35 millimeters in diameter. The second casting from a second agar mold of the 
first easting shrinks from 35 to 30 millimeters, and the third easting shrinks to 
27 millimeters. Therefore, three castings into agar molds produce a propor- 
tional shrinkage of 13 millimeters. As a result, the final cast is reduced to 
nearly half a diameter of the original pattern. The same process can be con- 
tinued without appreciable loss of detail. 

Prinz? gives the following formula for reducing the size of plaster of 


Paris easts: 


Alcohol 1 part by weight 
Water 2 parts by weight 
Plaster of Paris enough to suit 


The east is allowed to dry for a few days in a warm place. After the alcohol has heen 
evaporated completely, the finished cast will be about 145th smaller in all directions than 


the original model from which the impression was made. By repeating the process wy 


desired reduction may be obtained. 


The reduction of only 445th in this case is so small that the experiment was 
not done. At this rate many castings would be necessary to obtain the !<th 
reduction possible with one casting ot rubber into agar. However, from a re- 
search standpoint Prinz’s method may prove of value. 


1Clarke, Carl D.: Molding and Casting, Baltimore, 1938, John D. Lucas Co. 
*Prinz, Herman: Dental Formulary, Lea & Febiger, Philadelphia, 1930. 
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BOOK NOTICES 


Fundamentals of Immunology* 


A pie within the last decade medical writers have approached the subject of immunology 
chiefly through the medium of bacteriology. Most of the leading texts on the subject 
have dealt with bacteriology and immunology. Recent advances in the study of the nature 
of antibodies and the mechanism of their reaction with foreign cellular and noncellular pro- 
teins have been made especially through the medium of protein chemistry and physical chem- 
istry. Dr. Boyd’s book, Fundamentals of Immunology,’’ presents an adequate discussion 
of recent advances in this new phase of the study. It may be highly recommended as a 
reference volume on the mechanism of antigens, antibodies, and their interactions, and it is 
so constructed that it will also serve as a textbook and laboratory manual. The discussion 
of anaphylaxis is rather brief. That of clinical allergy is decidedly superficial, but this 
phase of the discussion was not the purpose of the book. 

The discussion of antigen-antibody reactions includes study of blood groups, comple- 
ment and complement fixation, and immune reactions to bacteria, viruses, and parasites. 


Physiological Regulations} 


OCTOR Adolph’s monograph, Physiological Regulations, deals chiefly with the study 
of the mechanism maintaining water balance in experimental animals and in man. It 
is highly technical and should be of chief interest to physiologists and biologists. 


Familial Nonreaginic Food-Allergy: 


R. COCA, like many other allergists, has long been conscious of the inadequacy of skin 
tests with food extracts. His new book, Familial Nonreaginic Food Allergy, describes 
a new approach to the study of allergenic foods. Some food extracts produce positive skin 
reactions which are truly reaginic. Others appear to give false negative reactions. Dr. 
Coca believes that these are nonreaginic. His experience has been that this type of food, 
when eaten by one who is sensitized to it, produces an increase in the pulse rate which can 
be used diagnostically. 
Dr. Coca documents his thesis with detailed presentation of case records. He describes 
the technique of diagnostic study in detail, and outlines the program of practical management. 
Irrespective of whether the author’s theory concerning the effect of foods on the 
pulse rate will be substantiated by others, the volume covers the careful investigations of 
a leader in the field of allergy and will be of interest not only to allergists, but to internists 
and others. 


Psychosomatic Medicine§ 


| sialic medicine may be termed the newest specialty in the field of internal 
medicine and psychiatry. The psychiatrist has in the past dealt with psychoties, many 
of whom are ineurable, but has recognized the field of functional nervous disorders in which 


“Fundamentals of Immunology. By William C. Boyd, Ph.D., Associate Professor of Bio- 
chemistry, Boston University, School of Medicine; Associate Member, Evans Memorial, Massa- 
chusetts Memorial Hospitals, Boston, Mass. With 45 Illustrations. Cloth, 446 pages, $5.50. 
Intei science Publishers, Inc., New York, N. Y., 1943. 

*¥Physiological Regulations. By Edward F. Adolph, Associate Professor of Physiology in 
zn (niversity of Rochester. Cloth, 502 pages, $7.50. The Jaques Cattell Press, Lancaster, 
a., 1943, 

‘Familial Nonreaginic Food-Allergy. By Arthur F. Coca, M.D., Medical Director, Lederle 
Laboratories. Cloth, 160 pages, $3.00.) Charles C@ Thomas, Publisher, Springfield, Il., and 
3altiniore, Md., 1943. 

SPsychosomatie Medicine. The Clinical Application of Psychopathology to General Medi- 
cal Problems. 3yv) Edward Weiss, M.D., Professor of Clinical Medicine, Temple University 
Medi 1 School, Philadelphia, and O. Spurgeon English. M.D.. Professor of Psychiatry, Temple 
University Medical School, Philadelphia. Cloth, GST pages, $8.00. W. B. Saunders Company, 
Phila ‘elphia and London, 1943. 
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supervised orientation may relieve the patient. It is in this group that the Freudian proce- 
dures of psychoanalysis and psychotherapy, used in the broad sense, are often helpful. The 
internist, on the other hand, treats many cases with organic disease in which he realizes 
that emotional factors play a part but which he is unable to study adequately because of 
too limited experience in psychotherapy. Collaborative efforts by the psychiatrist, or psychol- 
ogist, and the internist may be expected to solve many of these patients’ problems. Psyeho- 
somatic medicine may be loosely described as the treatment of emotional factors which color 


the symptomatology of somatic or organic disease. 

The volume Psychosomatic Medicine results from the collaborative effort of an internist 
and a psychiatrist. The first two chapters deal with presentation of the problem, with descrip 
tion of illustrative cases. Reading these chapters, one will agree enthusiastically with the 


authors as to the need for a new method of treatment for such cases and is likely to conclude 


that the procedure should be very simple, just a matter of horse sense. The last four chapters 
describe the technique of psychosomatic study and treatment in detail. After reading them, 
one realizes that this is a highly technical field requiring extensive training, if the therapist 
wishes to do good rather than harm. Although psychosomatic practice will necessarily de- 
velop into a strict specialty, every physician practicing medicine should be well acquainted 
with the problems and methods in the field. This volume fills this need adequately. In it 
one finds discussions of the psychosomatic factors in cardiovascular disease, disorders of the 


gastrointestinal system, the endocrine system, the respiratory system, allergic diseases, the 


central nervous system, the genitourinary system, and disorders of sexual function. There 


is also a chapter on military medicine. 


Man in Structure and Function* 


AN in Structure and Function is a two-volume semipopular discussion of human anatomy 
and physiology written by a German physician and translated by Dr. George Rosen. 
The text is free enough from technical terminology and complicated verbiage so that a well- 
educated layman, not averse to making the acquaintance of some new words, can read it with 
understanding. The fascinating part of the book, however, is its illustrations. These might 
be termed ‘‘inspired.’’ They illustrate statements concerning the structure and especially 
the function of the body in the form of comparisons with familiar objects and experiences 
which all readers can understand with no difficulty at all. There are 461 of them. These 


volumes are worth their price for the illustrations alone. 


*Man in Structure and Function. Volumes [I and If. Translated from the German and 
edited by George Rosen, M.D. Cloth; Vol. I, 341 pages; Vol. II, 742 pages; $10.00. Alfred <A. 
Knopf, New York, 1943. 


COMMUNICATION 


The first Women’s Army Auxiliary Corps Hospital Unit, organized to replace able-bodied 
men in laboratories and hospitals of Army posts and stations, is now serving with the Army at 
Station Hospital, Fort Oglethorpe, Ga. This group of medical, surgical, and laboratory 
technicians, x-ray technicians, dental assistants, pharmacists, medical stenographers, clerks, 
and typists is expected to be the forerunner of other WAAC hospital units to be organized 
and sent out to Army posts. WAACs are also serving as technicians, hospital mess serge:ints, 


cooks, and chauffeurs. 
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